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Abstract 
 
The air transport industry is a complex environment facing challenges that include catering to 
rising passenger numbers, while coping with a changing economic, health, security, and 
technological climate. Passenger facilitation at airports is a part of the socio-technical system 
where this challenge manifests, impacting business operations in terms of time, cost and 
quality. Sub-optimal visibility and collaboration across the highly interdependent stakeholder 
organisations in such a complex and changeful environment introduces difficulties in effective 
planning and design of the process and the airport infrastructure required to support it. 
Global organisations, as well as those local to Australia, express a need for integration, 
standardisation and consistency in ensuring an effective and efficient process and positive 
passenger experience. This study aims to assist airports in designing the passenger facilitation 
process by developing a cross-organisational, configurable airport process reference model. 
This model provides clarity and visibility by integrating the perspectives of all organisational 
stakeholders involved in the international departure process - namely the airport operator, 
the airline, Customs and the security contractor – with that of the passenger, who is the key 
actor in the process. The reference model uses a questionnaire to elicit the contextual needs 
of the airport user, and presents a relevant, specialised end-to-end subset of the extensive 
model based on their contextual needs, providing them ability to make informed choices and 
perform further focussed analysis if required. This reference model is based in deep empirical 
knowledge across five Australian airports (Brisbane, Melbourne, Perth, Gold Coast, and 
Rockhampton) that are used as case studies for the international departure process, and can 
be extended to other airports and facilitation processes, e.g. international arrivals. The 
research employs Design Science to design and develop an artefact applying existing scientific 
knowledge. This is the first reported application of configurable reference modelling to 
airport passenger facilitation, and is the core domain contribution of this study. 
Methodological contributions are proposed as space-sensitive additions to Business Process 
Management Notation (BPMN), derivation of contextual factors, and normative guidelines 
for inductively developing the configurable reference model. The artefact has undergone ex-
ante evaluation based on a range of conceptual, scientific, and usefulness criteria. Outcomes 
contribute to both research and practice as scientifically grounded concepts of practical 
relevance, as is the priority of a Doctorate of Information Technology. This project has been 
conducted as part of the ARC Linkage project LP0990135 “Airports of the future”. 
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1. Introduction 
1.1. Background and significance  
The global air transport domain is interconnected, such that changes within the airport 
context have an impact on business operations throughout the industry. Areas where 
changes manifest are passenger growth, technology, business models, economy, a shifting 
security climate, and global events. These changes, among others, greatly affect the demands 
on time and resources for organisations, thereby making design and execution of efficient 
and effective processes a highly desirable outcome across the board. According to IATA 
(2014a), scheduled passenger numbers have nearly doubled from 1.792 billion in 2002 to an 
estimated 3.320 billion in 2014 globally and the growth is forecasted to continue. The 
ongoing impact of health and security concerns on global regulations and processes (ICAO, 
2011b) result in pressure on airports and related stakeholders to make costly changes to 
facilitation, which in turn impacts on the process and passengers (Neiderman, 2004). Global 
domain interconnectedness can be exemplified by the effect on aviation of the Eyjafjallajökull 
volcano eruption in Iceland: around 313 airports were affected; airlines lost US $1.7 billion in 
revenue; 108,000 flights were cancelled disrupting travel for 10.5 million passengers in 
Europe, while passenger flow reduced by 9% worldwide (Mazzocchi, Hansstein & Ragona, 
2010); and limited data and stakeholder consensus exacerbated confusion (Budd, Griggs, 
Howarth & Ison, 2010). Further examples that demonstrate the impact of global changes on 
processes are: the introduction of measures to increase scrutiny of Liquids, Aerosols and Gels 
(also called LAGs) in 2008 following a terrorist plot (ICAO, 2014); the advent of low cost 
airlines (de Neufville & Odoni, 2003); and the recommended additions to exit screening and 
travel restrictions related to the recent Ebola outbreak (IATA, 2014b).  It is therefore clear 
that impact on processes is experienced in terms of cost, quality, and time.  
 
There are also considerable interdependencies among organisational stakeholders in this 
interconnected domain. In each airport, each stakeholder group performs activities while 
interacting with the passengers in a way that can affect other stakeholders groups, either 
positively or negatively. Wijnen, Walker and Kwakkel (2008) explain that conflicts among 
stakeholders are common, collaboration problematic (Dempsey, 2000), and inconsistencies in 
understanding results in stakeholders being involved too late in planning decisions or being 
excluded altogether. If stakeholder organisations remain unclear about the part they play 
within the interdependencies, this lack of visibility can have an increasingly detrimental effect 
on the overall process performance. Furthermore, implementation of large scale changes 
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that filter into operations with high stakeholder interdependencies can become complex. This 
complexity can cause oversights in process design, which in turn can compound the negative 
effect on process quality for all participating stakeholders.   
 
While change in general cannot be prevented, its management can be facilitated, by assisting 
each airport to adapt infrastructure and processes, by improving visibility and awareness of 
the end-to-end business operations across the organisational stakeholders. Impact of 
changes to the circumstances of organisations can be experienced in the immediate term (e.g. 
disruption due to a global event), short term (e.g. temporary measures for health needs), or 
long term, needing to be incorporated into the design of day-to-day operations or business 
processes, (e.g. LAGs screening). This study focuses on long term impact on design of 
business processes.  
 
 
1.2. Motivation 
There is an impetus across the industry to increase standardisation and clarity across 
operations related to passenger facilitation and improve operations in terms of a range of 
priorities. The Australian Customs and Border Protection Service in their National Aviation 
Policy White Paper discusses the need for a “coordinated approach to airport planning” 
(Australian Government, 2009). IATA emphasises a need for standardisation, and has the key 
goals of airline product improvement, management of passenger data, and enabling hassle 
free travel and a seamless end-to-end journey (IATA, 2013b).  Meanwhile, the Aviation 
Services and Charges Agreement from Brisbane Airport Corporation has called for role clarity 
of different organisational airport users (stakeholders) as well as clear service charters, 
agreements, responsibilities and expectations (Brisbane Airport Corporation, 2007). The 
Transport Research Board (TRB) - an international industry research body - advises business 
process integration for travel-related organisations in order to improve efficiency (Kimley-
Horn and Associates Inc., 2011; Transportation Research Board, 2014). Aviation safety, 
security, and efficiency are key priorities for the International Civil Aviation Organisation 
(ICAO) as a governing organisation that sets standards and regulations for aviation on a global 
scale (Australian Government ComLaw, 2013; ICAO, 2011a, 2012; Wheeler, 2005). A study 
done for Australian Customs and Border Protection Services states that effective and efficient 
passenger management (facilitation) during processing and waiting, while ensuring 
consistency and quality of experience, is of considerable importance (Rehbein AOS, 2007b). 
Improvement of airport operations and service quality are goals stated by Airports Council 
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International (ACI, 2012) - a voluntary platform representing airports. Finally, passenger 
satisfaction is perceived as an indicator of service quality (Chou, 2009; Skytrax, 2011).  In 
summary, economic, logistic, security and passenger experience imperatives drive the need 
for improvement, and concerns around coping with changing needs of the airport passenger 
facilitation process are shared across the air travel industry (NPFC, 2009b). 
 
It has been found that using a process approach to business provides many benefits that can, 
to some extent, address the challenges found in the air transport industry around passenger 
facilitation, if suitably leveraged. It provides competitive advantage through cycle-time 
reduction, improves managerial control (Gulledge & Sommer, 2002), and improves customer 
focus as well as delivery of high quality services (Zairi, 1997) - hence customer satisfaction. 
Hammer (2010), a prominent authority in the field of Business Process Management (BPM) 
has stated: “Through process management, an enterprise can create high-performance 
processes, which operate with much lower costs, faster speeds, greater accuracy, reduced 
assets, and enhanced flexibility. By focusing on and designing end-to-end processes that 
transcend organizational boundaries, companies can drive out the non-value-adding 
overhead that accumulates at these boundaries.” Reference models in particular assist 
standardisation and guide process design (Fettke & Loos, 2006; Küster, Koehler & Ryndina, 
2006; Rosemann, 2000), and adding the ability to configure such an extensive and detailed 
knowledge repository to extract the most relevant information enables the design efforts to 
be focused. Such a tool is not found to exist for airport passenger facilitation, and therefore 
presents itself as a research opportunity. 
 
This research is therefore driven by industry needs and the opportunity to apply configurable 
reference modelling techniques from the BPM body of knowledge to improve design of the 
passenger facilitation process in view of the changing needs that affect it. It has been 
conducted as part of the ARC Linkage project LP0990135 “Airports of the future”. 
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1.3. Problem area 
This project focuses on the domain of the passenger facilitation process for departure at 
international airports. An international airport is defined by the International Civil Aviation 
Organisation as “an airport of entry and departure for international air traffic, where the 
formalities for customs, immigration, public health, animal and plant quarantine and other 
similar procedures are carried out” (ICAO, 2005). Additionally, Adikariwattage, de Barros, 
Wirasinghe and Ruwanpura (2012) state that annual scheduled international passenger 
volume is greater than 12,000 at an international airport, a condition which is complied with 
by the five Australian airports used in this study. Passenger facilitation is stated by Wu, 
Pitchforth and Mengersen (2014) as the process that “assists the free flow of passengers and 
goods across the border whilst upholding border integrity and/or sovereignty”. “Departure” 
or “outbound travel” refers to a passenger leaving the place of origin, and “arrival” or 
“inbound travel” refers to a passenger arriving at the destination.  
 
The outbound passenger facilitation process is the unit of analysis for this study. The main 
actor is the passenger, and the typical process involves checking in and undergoing security 
screening and border control. The process typically commences with terminal entry and 
concludes with boarding the aircraft. International airports consist of diverse organisational 
stakeholders that are involved in facilitating passenger movement. The airport operator is 
responsible for overall airport planning (Wijnen et al., 2008), management and maintenance 
of airport assets, and specifically for activities around terminal entry and discretionary 
activities - provided by ancillary service providers and retailers. Airlines are responsible for 
check-in and boarding activities, government agencies for border control, and ISS is a 
company subcontracted to airports/airlines for managing security screening. While these 
different groups co-function, at times they have conflicting interests around security, 
efficiency, and customer experience, which can introduce challenges in managing the process. 
These challenges are compounded by changes in factors external to the airport that place 
demands on those operating within it.  
 
This project endeavours to bring visibility across the end-to-end facilitation process to each 
stakeholder organisation to better equip them to achieve their goals while minimising conflict 
or negative impact on one another. Through developing a reference model to assist the 
design of the passenger facilitation process at airports, it intends to assist management of the 
time, cost and quality impact of changes with respect to process design.   
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1.4. Research questions 
The overarching Research Objective derived from the problem area is as follows:  To develop 
a reusable reference model tool for airports to inform improved passenger flow/facilitation 
process design based on their specific contextual needs. In order to address it, this objective is 
expanded into three research questions. 
 
Research Question 1: How can passenger flow processes at different Australian airports be 
integrated? 
In this research, process models are captured as a base of reference providing a clear 
understanding of the steps, main roles, resource types (space, business objects, and 
technology), information and activities that are involved at each airport. The models establish 
and cater to appropriate standards of accuracy and comprehensiveness, and also fulfil 
demands of usability and practical benefit for the organisations. This research question is 
answered by completing the following tasks: 
• Research Task 1: Understand and model passenger facilitation processes at Australian 
airports with a focus on the departure process  
• Research Task 2: Develop a merged/integrated model of the airport facilitation process 
 
Research Question 2: How can contextual differences related to process variations across 
different airports be captured? 
Any differences, or variants, that are identified during merging of the process model are 
studied with respect to the points where they occur. The contextual factors that are 
responsible for, or somehow influence, these variations will then be identified to derive an 
understanding of what airport characteristics affect the process structure and how. The 
factors are then articulated as a questionnaire that can be used to elicit specific user needs 
based on these characteristics. This question is answered by completing the following tasks: 
• Research Task 3: Derive contextual factors from process variants 
• Research Task 4: Develop a questionnaire to capture contextual needs based on the 
contextual factors  
 
Research Question 3: How can contextual needs be utilised to facilitate process design 
decisions for passenger facilitation at airports? 
The questionnaire from Research Question 2 is mapped to the integrated model from 
Research Question 1, in order to enable the selective representation of the process structure 
Chapter 1 Introduction 
Page 6 
 
Research Objective: To develop a reusable reference model to inform improved passenger flow/facilitation 
process design for airports based on their specific contextual needs with respect to current practices. 
 
Figure 1. Research objective, research questions (RQ), and research tasks (RT) 
relevant to user needs. This ability to take an input from the airport user and visualise a 
process model relevant to only that input is done through process configuration which is 
encapsulated in the following task: 
• Research Task 5: Enable configuration of the merged/integrated reference model based 
on contextual needs to inform airport passenger facilitation process design 
 
Figure 1 summarises the research objective, questions, and tasks: 
 
 
 
 
 
 
1.5. Contribution, innovation and relevance 
A configurable reference model to inform design of passenger facilitation at airports and 
provide an ability to respond to changes in the airport context is the core innovative 
contribution of this study. This reference model has been derived from the capture of existing 
processes, and does not claim to provide advice in the form of “ideal or best practices”, but 
rather as the typical processes that have been proven to work feasibly in practice within the 
respective airport complex systems they belong to. It is found that other guides, benchmarks 
and recommendations as so-called “best practices” are available only for isolated segments 
of the passenger facilitation process at airports, and there is no systematic, integrated, end-
to-end view that has been synthesised into an appropriate reference model. There are other 
existing methodologies that also effectively inform process and design improvement, for 
RQ1: How can passenger flow 
processes at different Australian 
airports be integrated?
RT1: Understand and 
model passenger 
facilitation processes at 
Australian airports with 
a focus on the departure 
process 
RT2: Develop a 
merged/integrated 
model of the airport 
facilitation process
RQ2: How can contextual 
differences related to process 
variations across different 
airports be captured?
RT3: Derive contextual 
factors from process 
variants
RT4: Develop a 
questionnaire to capture 
contextual needs based 
on contextual factors 
RQ3: How can contextual needs 
be utilised to facilitate process 
design decisions for passenger 
facilitation at airports? 
RT5: Enable 
configuration of the 
merged/integrated 
reference model based 
on contextual needs to 
inform airport 
passenger facilitation 
process design
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instance via mathematical simulations or agent-based modelling. Rather than an alternative, 
this study provides a highly relevant and comprehensive empirically informed foundation, 
scope and context for such quantitative data/resource-sensitive analysis to build upon, thus 
guiding their focus and enhancing their relevance. It provides a basis for advanced 
management and control of airport processes as a collective knowledge base. 
 
The reference model artefact addresses the industry needs discussed earlier in section 1.2. It 
captures process execution described by all stakeholders performing the activities, thereby 
articulating stakeholder interdependencies across entire end-to-end process and providing 
clear visibility of how stakeholders impact each other. It provides a means to improve 
understanding across stakeholders - assisting collaboration in design of both, the process to 
fit the infrastructure, as well as the infrastructure to support the process. The artefact is 
reusable and can be extended to include any number of airports and other facilitation 
processes in the broader global context. It has the capability to elicit specific needs in the 
form of airport characteristics from the airport user, and based on these present only a 
relevant subset, called the configured or "individualised" model. Making improved and 
holistic design decisions, based on relevant specialised information would result in reduced 
complexity in designing the facilitation process, improved integration and synergies across 
stakeholder groups, and a means to optimise overall performance - e.g. in the form of cycle 
times, queues, customer experience, and even security. In addition, the reference model 
embodies standardisation, integrated operations and role clarity. 
 
Other innovative contributions of the study are methodological, and address gaps discussed 
in greater detail in Chapter 2. The first methodological gap relates to visually representing 
certain resources such as those related to physical spaces, which at this time does not 
explicitly feature in process modelling notations, especially the one used in this project. A 
second relates to derivation of contextual factors that impact this process, and is investigated 
across different airports in Australia. While the effect of contextual factors on processes in 
general has been studied (Ploesser, Peleg, Soffer, Rosemann & Recker, 2009; Ploesser, Recker 
& Rosemann, 2011; Rosemann, Recker & Flender, 2008), the nature and scale of the 
application provided in this research is explored for the first time. Finally, although BPM is a 
well-established field (Becker, Kugeler & Rosemann, 2011; Hammer & Champy, 1993), there 
is no clear step-by-step guide to construct a configurable process model. A set of normative 
guidelines explaining how a process-centric reference model can be produced have been 
presented as an outcome of the research to address this gap.   
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1.6. Research approach 
The research is built upon the principles of design science, primarily based on the work of 
Johannesson and Perjons (2014) and Hevner, March, Park and Ram (2004), and informed by 
that of Peffers (2008), Baskerville et al. (2009) and Goldkuhl (2012). The design science 
research project is conducted using the scientific body of knowledge from BPM in from 
extensive academic literature as the scientific basis in the areas of process modelling, model 
merging, contextual factor identification and process configuration. Domain knowledge, 
which is empirical data, is acquired from the local practice in airport case studies as detailed 
process models for describing the processes. The data is qualitative in nature and is collected 
using mixed methods including interviews, observation, and document analysis to describe 
multiple case studies. The research paradigm for this study is a mix of positivism and critical 
realism. As the study is under the scope of a Professional Doctorate, it is based in and 
contributes to practice, as illustrated by Figure 2:  
 
 
Figure 2. “Local and global practices in design science research” in Johannesson and Perjons (2014) adapted 
from Goldkuhl (2012) 
 
The detailed design of research is explained in Chapter 3, and the contributions to science 
and practice are discussed in the conclusion in Chapter 7. The structure of the thesis is 
explained next. 
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1.7. Thesis structure 
The thesis is arranged in seven chapters, and as the research is based in design science, the 
structure is partly guided by the method framework of Johannesson and Perjons (2014). 
 
Chapter 1 has introduced the problem in terms of the domain challenges and opportunity of 
applying reference models to improve design of the passenger facilitation process in light of 
these challenges. It positions and justifies the role of the artefact to be produced, and 
delineates the path to developing it in the form of research questions and tasks. 
 
Chapter 2 investigates literature to establish the academic foundation for the conduct of the 
research in terms of the design and development of the artefact. It identifies, studies and 
extracts relevant guidance from the current body of knowledge to build the artefact. 
 
Chapter 3 describes the design of the research and explains the methods used to develop the 
artefact as guided by design science methodology. It also establishes the quality criteria 
based on which the artefact is later evaluated. 
 
Chapter 4 provides the three domain-independent methodological contributions, namely: the 
normative guidelines for the development of a configurable reference model (approach); 
space-sensitive process modelling with BPMN; and derivation of contextual factors. 
 
Chapter 5 provides the domain-specific results from the study in the form of the major 
components of the final artefact, developed according to the research approach described in 
Chapter 4. It then composes them into the final artefact of the configurable airport reference 
model, and concludes with a demonstration of how the concept works. 
 
Chapter 6 evaluates the configurable airport reference model using the criteria defined in 
Chapter 3, to assess conceptual quality of the reference model, scientific quality of the 
research, and how well the artefact fulfils its intended purpose. 
 
Chapter 7 concludes the research by explaining its contributions to academia and practice, its 
limitations, and the outlook for future researchers to draw upon or extend this study. 
 
Appendices in this thesis are under embargo due to confidentiality requirements for Airports 
of the Future. The Author may be contacted to arrange conditional access to the material. 
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1.8. Chapter summary 
There is a significant need in the airport domain to provide a means whereby design of 
passenger facilitation processes can efficiently incorporate the changing airport context, 
providing visibility into stakeholder interdependencies, and do so in a way that maximises 
consistency, standardisation, and reusability. It is found that in a highly interconnected 
domain, limited leveraging of stakeholder knowledge in planning decisions can lead to 
oversights in process design decisions, which can have a negative effect on process quality, 
time and costs. This thesis provides the working concept of a configurable airport reference 
model for the use of airport operators for efficient design of the passenger facilitation 
process. It is intended to enable them to cope with changes to contextual requirements 
based on the operational knowledge of the domain experts from among the stakeholders. 
The reference model captures both domain contextual factors affecting operations, as well as 
stakeholder interdependencies across the process. It intends to increase visibility and 
awareness of expected processes based on contextual needs, thereby informing design 
choices and ultimately improving overall process quality, time and costs. 
 
The study activities involve: mapping the passenger facilitation process for individual cases; 
merging the process models across cases; extracting differences between cases to derive 
contextual factors; and enabling model configuration according to contexts via a guided 
questionnaire based on those factors to reveal a specialised model. The contribution of this 
work has the potential to significantly improve decision-making for the design of passenger 
facilitation, by utilising knowledge that comes from within the domain itself. It does this by 
providing an efficient means to repackage and adapt existing knowledge to new situations. 
The innovative outcomes of the research are transferable to other domains and branches of 
research. A review of the literature investigated to enable and guide this research is provided 
in the next chapter. 
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2. Literature review 
2.1. Chapter introduction 
While significant studies have been performed in the airport domain, there appears to be 
limited information around specifically guiding design of the end-to-end passenger 
facilitation process while catering to multiple stakeholders. Numerous techniques have been 
introduced over the years to inform planning based on different kinds of performance 
measurement by means such as statistical modelling, agent-based modelling, simulation or 
forecasting, among others, some of which have been extensively reviewed by Wu and 
Mengersen (2013) and Tošić (1992). Domain literature discusses multiple aspects around the 
airport business itself, such as business models, regulations, stakeholder relations, decision 
making, and administration, to name a few (Tošić, 1992; Transportation Research Board, 
2014; Wijnen et al., 2008; Yoo & Choi, 2006). Passenger experience is also found to be 
studied in terms of customer satisfaction, wayfinding and human factors (Arthur & Passini, 
1992; Caves & Pickard, 2000; Neiderman, 2004; Passini, 1992; Suzuki, 2007). Finally work has 
been found around the physical design of airports, for instance planning the facility and 
design the terminal layout and technologies used therein (Kazda & Caves, 2007; Vreeker, 
Nijkamp & Ter Welle, 2002; Wells & Young, 2004). Much information found is about the 
infrastructure and aspects surrounding the process, however the information provided about 
the process itself is either at too high a level to provide real insight into the day-to-day 
process, or is located around segments of the process that are too detailed or even too 
generalised. The end-to-end facilitation process described from the multiple perspectives of 
stakeholder organisations and the passenger appears to be under-studied. 
 
In view of this, this work intends to establish a foundation, using which other quantitative 
techniques can be based and scoped more accurately using real processes, such as: process 
simulation (Aalst, Nakatumba, Rozinat & Russell, 2010); Bayesian network analysis (Farr, 
Kleinschmidt, Johnson, Yarlagadda & Mengersen, 2014; Wu et al., 2014); queuing models 
(Yanagisawa et al., 2013); or agent based modelling (Kleinschmidt, Guo, Ma & Yarlagadda, 
2011; Schultz & Fricke, 2011). As current approaches do not holistically combine and 
represent the perspective of the passenger with other involved roles in the context of the 
process, they present limitations in the current understanding of passenger experience, 
which is said to be an influential factor in terminal design (Harrison, Popovic, Kraal & 
Kleinschmidt, 2012; Popovic, Kraal & Kirk, 2009). Also Wu and Mengersen (2013) state the 
importance of capturing interdependencies across the complex system, and that usage 
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scenarios are not considered in depth by existing models. In light of these limitations, the 
research outcome from this study enables the techniques to be positioned, based in, and 
holistically informed by the contextualised end-to-end passenger flow, depicted with its 
visible stakeholder interdependencies, thus enabling improved decisions around planning 
and design of the process and airport infrastructure. 
 
The chapter is arranged according to the progression of research tasks in developing the 
reference model.  It investigates literature relevant to building a configurable reference 
model as guided by the research objective, questions and tasks set out in Chapter 1, 
commencing with the introduction in section 2.2 of the configurable tool concept. In order to 
provide a point of reference that is relevant, the study needs to be based in the consolidated 
understanding of the existing passenger flow processes across multiple airports. Related work 
for RT1 is investigated starting with the capture of essential information for passenger 
facilitation in the form of process models as explored in section 2.3. To build a repository that 
can effectively function as a “reference”, all relevant process models within the studied 
airports need to be consolidated to complete RT2. This involves merging the similar segments 
and clearly distinguishing any process variants, and the process model merging activity that 
enables this is explored in section 2.4. A study of process variations is required in RT3 to 
understand the associated reasons, or contextual factors, associated with the differences 
between the variants, as well as their classification, derivation and application - explored in 
section 2.5. These factors are used to develop a questionnaire model for the user interface, 
thereby completing RT4. This is mapped to the process model to make the tool configurable 
and complete RT5. RT4 and RT5 are investigated in section 2.6. Quality of the configurable 
reference model is explored in section 2.7.  
 
The search has been conducted across Information Systems (IS) and airport domains using 
databases (i.e. EBSCO Host, Emerald Insight, Science Direct, Sage, ACM, IEEE, ProQuest and 
Springer) and industry resources. From the high volume of articles identified, only those 
found to be most relevant to the specific nature of the research are included in this review – 
specifically articles relating to airport passenger facilitation management and configurable 
reference modelling. The sources included: journals (e.g. Journal of Air Transport 
Management and MIS Quarterly); conferences (e.g. Conference on Advanced Information 
Systems and Australasian Conference on Information Systems); research organisations (e.g. 
Transport Research Board); official industry websites (e.g. ICAO, IATA, and Australian 
Customs); and books. Key search terms have been derived from different arrangements of a 
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high level search (business process management, airport passenger facilitation/flow, BPMN, 
and space-sensitive process modelling) and the section headings in this chapter, which are as 
follows: 
• Configurable reference models 
• Process modelling of passenger facilitation at airports 
• Process model merging 
• Contextual factors 
• Process configuration using a questionnaire interface 
• Configurable reference model quality 
 
 
2.2. Configurable reference models 
For the purpose of this study, a reference model is defined as a suitably generalised class of 
conceptual models, as stated by Fettke and Loos (2007), which users may adapt or instantiate 
according to their application or needs as a source of guidance for improvement. Reference 
models exist in numerous industries, with varying scopes of application, formats (e.g. visual 
or text-based) and levels of granularity (APQC, 2010; IBM, 2008; International Organization 
for Standardization, 2012; Ramias & Wilkins, 2012; Telemanagement Forum, 2012; The IT 
Service Management Forum, 2008; The Open Group, 2012). Some reference models take the 
form of guidelines, e.g.: ITIL (Information Technology Infrastructure Library), which serves as 
a global reference for an approach to IT service management (The IT Service Management 
Forum, 2008); ISO (International Organization for Standardization), which provides standards 
across a broad range of industries, services and products (Standards Australia/Standards New 
Zealand, 2008); and the APQC Performance Classification Framework (APQC, 2010). There are 
also reference models specific to industries such as eTOM Business Process Framework for 
telecommunication (Telemanagement Forum, 2012) or SCOR (Supply-Chain Operations 
Reference-model), which aims to “support communication among supply chain partners and 
to improve the effectiveness of supply chain management” (Supply-Chain Council, 2008). This 
research addresses the core gap that while numerous reference models exist in practice for 
different domains and purposes, none has been found for airport passenger facilitation.  
 
The purpose of a reference model is to provide: (1) a framework for identifying, developing 
and coordinating standards (for reference), (2) create specialised models for specific 
scenarios, and ultimately (3) use relevant information to increase service quality and/or 
achieve cost savings in operations (Mišić & Zhao, 2000). This is comparable to the 
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recommendation by the Airport Cooperative Research Program (2012) on “reference class 
forecasting” as a means of catering to uncertainty to anticipate planning needs for airports 
(Flyvbjerg, Skamris Holm & Buhl, 2005). It involves: identifying a group of similar past projects, 
called the “reference class” (in this case process models); using these to glean information 
about the variable of interest (variability in the consolidated model); and comparing the 
specific project to establish the most likely (targeted) outcome for the new project (selecting 
a relevant subset based on specific needs). This functionality can be effectively achieved by 
building reference models that use process configuration, the recommendation for which is 
found in a number of papers (Aalst, Dreiling, Gottschalk, Rosemann & Jansen-Vullers, 2006; 
Fettke, Loos & Zwicker, 2005; Rosemann & Aalst, 2007).  
 
Although it is found that development and application of configurable reference modelling in 
practice is not common (Fettke et al., 2005), the theoretical foundation for bringing groups of 
individual process models to the point of making them configurable has been found in 
literature and is discussed in the subsequent sections. The first part of building this reference 
model is to capture key information from each individual airport in process models, as 
discussed next. 
 
 
2.3. Process modelling of passenger facilitation at airports 
A process can be said to be an logical ordering of interrelated end-to-end activities across 
functional boundaries that provides value to customers by transforming inputs to outputs to 
achieve an organisational goal (Armistead & Machin, 1997; Garvin, 1998; Hammer, 2010). 
Process modelling is “an approach for visually depicting how business conduct their 
operations; defining and depicting entities, activities, enablers, events, states and the 
relationships between them” (Bandara, 2007). In order to inform improved process design 
based on existing processes, it is first necessary to identify and capture information about 
existing processes, for which process modelling is an effective means. Process modelling has 
been applied in many organisations to build knowledge and describe business processes to 
overcome organisational complexities (Bandara, Gable & Rosemann, 2005), for instance 
compliance needs affecting the implementation of enterprise systems. The literature found 
shows that airports around the world do use process modelling as a stepping stone to 
process improvement, e.g. Munich Airport (Group, 2012), as well as using other types of 
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modelling, e.g. risk modelling and simulation (Brossard, Abed, Kolski & Uster, 2009; Chawdhry, 
2009; Curcio, Longo, Mirabelli & Pappoff, 2007; Suzuki, 2007; Yoo & Choi, 2006).  
Processes are modelled by using a notation, or set of symbols with pre-established rules for 
usage.  Numerous approaches exist for the visual representation of processes, among which 
are two popular notations used in organisations around the world, namely: Business Process 
Modelling Notation (BPMN) and Event-driven Process Chains (EPC). The usage of EPC is 
explained by Scheer, Thomas and Adam (2005), and the specification for BPMN is provided by 
the Object Management Group or OMG (2008). A notation is selected based on the needs of 
the modelling activity, and guidance to do this effectively is provided by Recker, Rosemann, 
Indulska and Green (2009). They perform an in-depth comparative analysis across business 
process modelling techniques including EPC and BPMN, based on completeness and clarity of 
the representational capability. BPMN is shown to have less construct deficit, excess and 
overload than EPC. The case for BPMN as the notation to model airport processes is further 
strengthened by the representational capability of pools and lanes, thus allowing groups of 
activities to be efficiently associated with a given role. Therefore, BPMN is selected as the 
modelling notation.  
 
The discussion on cognitive aspects of modelling by Figl, Mendling, Strembeck and Recker 
(2010) has informed the application of the selected notation. Even though BPMN is said to 
have a close fit between graphical notation and semantic concepts, a further precaution is 
taken by using the basic subset of BPMN symbols. The aims are to: avoid symbol redundancy, 
overload, and excess; and retain representational clarity, perceptual discriminability and 
immediacy, visual expressiveness (via colour), and graphic parsimony. zur Muehlen and 
Recker (2008) explain that the basic constructs in BPMN are much more commonly used than 
other constructs, indicating that simplicity in the usage of BPMN constructs is a preference, 
and therefore is made a priority for this project. 
 
Work in the area of airport planning indicates that spatial design of the physical area is of 
importance with respect to the functions performed in those spaces (Dempsey, 2000; Wells 
& Young, 2004). Locations matter particularly in describing processes in physical man-made 
places, such as hospitals, factories, stadiums or transportation hubs such as airports. To quite 
an extent, airport planning and design literature mention operations in terms of functional 
requirements of spaces for critical activities. An overview of spatial components of passenger 
facilitation, is derived from the work of Ashford, Mumayiz and Wright (2011) and Kazda and 
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Caves (2007), showing spatial consideration to be an integral part of planning and 
management of airport operations: 
• Access (including modes of transport to and from the airport) 
• Processing areas (for formal activities such as check-in or immigration checks)   
• Holding areas (e.g. seating lounges, concessions, service areas, and visitors lobby) 
• Internal circulation and airside interface (pertaining to movement areas/pathways) 
• Airline and support areas (e.g. for organisational offices, signage and storage) 
 
The commonly used process modelling notations of IDEF0 (Integrated Definition), BPMN, 
UML (Unified Modelling Language), and EPC have been found to be lacking in inclusion of 
explicit symbols representing spatial information in their symbol sets. As this marks itself as 
an essential element of information the Author has sought to explicate spatial information in 
the selected notation BPMN. It is found that while the notation is highly useful and 
comprehensive, it still has some representational limitations. Recker (2010) discusses general 
limitations of BPMN around representational capability, while another study conducted by 
Recker, Indulska, Rosemann and Green (2006) lists nine limitations, some of which “relate to 
construct deficit, suggesting that users are not able to apply existing BPMN notation to fully 
describe certain real-world phenomena”. It has been found in a pilot study conducted earlier 
(Mazhar, 2010), that the airport processes require a depiction of spatial information, e.g. 
locations, distances between them and the related movement of passengers. As BPMN is 
found to not contain explicit symbols to specifically capture these aspects, this is identified as 
a gap for further research.  
 
"Awareness" or "sensitivity" has been introduced into process models for various aspects of 
businesses including: risk-awareness (Rosemann & zur Muehlen, 2005; Suriadi et al., 2014); 
cost-awareness (Wynn, De Weerdt, et al., 2013; Wynn, Low & Nauta, 2013); security-
awareness (Curcio et al., 2007); and context-awareness (Han & Youn, 2012; Ploesser et al., 
2011; Saidani & Nurcan, 2007), to name a few. When introducing awareness or sensitivity of 
such an attribute in the process model, the notation of choice is typically adapted by 
changing or adding symbols to appropriately represent the attribute. Similarly, this study 
makes the case in section 4.3 for adapting existing modelling techniques to depict space-
sensitive processes (“awareness” and “sensitivity” are considered to be interchangeable 
terms). The BPMN notation set is extended in this project by introducing symbols whose 
design is guided by the work of Moody (2009) to ensure that they are simple, intuitive, 
meaningful, unambiguous, logical, and use the following selection of design principles: 
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semantic transparency (visual representations whose appearance suggests their meaning); 
visual expressiveness (the full range and capacities of visual variables are used); dual coding 
(text is used to complement the graphic); and graphic economy (the number of different 
graphical symbols should be cognitively manageable). 
 
In view of the various ontological strengths and weaknesses across different modelling 
notations, BPMN is found to be a suitable and comprehensive notation, and its shortcomings 
can be managed through an awareness and control of model quality. Once process models 
are developed for individual airports, they are ready to be merged using the knowledge 
gained in the next section, and later transformed into a high quality configurable reference 
model. 
 
 
2.4. Process model merging 
Consolidation or merging of process models is an important step to enable process 
configuration (Chen, Reichert & Wombacher, 2008; La Rosa, Dumas, Uba & Dijkman, 2010; La 
Rosa, Dumas, Uba & Dijkman, 2013), for which related work has been found as algorithms, 
tools, techniques and guidelines. Merging of process models is described by Gottschalk, Aalst 
and Jansen-Vullers (2008) as an integration of control flow. The removal of redundancies and 
creation of synergies via consolidation of process models is described by La Rosa et al. (2010). 
Dijkman, Dumas, Garcia-Banuelos and Käärik (2009) extend this further still, by discussing 
how the alignment of models identifies changes across different process model versions. The 
definitions from this literature have been combined to establish that for this project, process 
model merging is a consolidation of two or more process models by unifying the similarities, 
and distinguishing the differences as variants, so as to produce a single superset model with 
minimal redundancy, in order to build a reference model. Consolidation or merging of 
process models is an important step to enable process configuration (Chen et al., 2008; La 
Rosa et al., 2010; La Rosa et al., 2013), for which related work has been found in the form of 
algorithms, tools, techniques and guidelines. Merging of process models is described by 
Gottschalk et al. (2008) as an integration of control flow. La Rosa et al. (2010) describe the 
removal of redundancies and creation of synergies via consolidation of process models. 
Dijkman et al. (2009) extend this further by discussing how the alignment of models can 
reveal changes across different process model versions. The definition derived from a 
combination of the literature for the purposes of this study is that process model merging is a 
consolidation of two or more process models by unifying the similarities, and distinguishing 
Chapter 2 Literature review 
Page 18 
 
the differences as variants, so as to produce a single superset model with minimal 
redundancy, in order to build a reference model. 
 
Once the need and understanding of model merging is established, a means to conduct it is 
sought. An implementation-ready, BPMN-capable automated tool has not been found to be 
available and ready during the project. As the project only requires that BPMN model 
merging is performed correctly, merging can also be performed manually. While the 
algorithms and tools found are not ready to use for BPMN models, the literature is useful for 
guiding the manual merge. Gottschalk et al. (2008) propose an algorithm for model merge 
using the ProM process mining framework. Others discuss methods and tools related to 
automation of merging of EPC models, e.g. Mendling and Simon (2006) also demonstrate an 
approach using EPC diagrams from the SAP reference model. La Rosa et al. (2010) propose an 
approach that is demonstrated as capable of automation for which software is also available 
to the public (La Rosa, 2014). Examples for merging activities and tools are also found in the 
work of Küster, Gerth, Förster and Engels (2008); Lin, Gray and Jouault (2007); Mendling and 
Simon (2006); and Yan, Dijkman and Grefen (2010).  
 
Useful guidance for manually merging complex BPMN models is found in a number of papers. 
Dijkman (2007) provides clear segmented principles and succinctly states the basic guidelines 
for merging process models and providing examples for applying them. It clearly explains that 
to perform a merge, similar processes across models first need to be identified as the basis of 
the merge, i.e. whether two processes achieve the same outcome, and whether the way in 
which they achieve that outcome is the same. Secondly, the differences between these 
similar processes need to be identified, which can be related to authorisation (roles), 
activities, and control flow (e.g. conditions or dependencies). The overall control flow 
differences are called variants and are depicted by means of introducing gateways called 
variation points, from which the variants emanate. These results of merging are required for 
configuration, as extensively explained by La Rosa (2009).  
 
Three types of comparison discussed by Dijkman et al. (2009) and Dijkman, Dumas, van 
Dongen, Käärik and Mendling (2011) have also been adopted related to: node matching 
(labels and attributes) to identify compare names of BPMN elements e.g. activities; structural 
matching (topology) to identify control flow and branches; and behavioural matching 
(execution semantics) to compare business logic. In addition to finding similarities and 
differences, managing homogeneity of terminology is an important guideline found in 
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Mendling (2012) that is applied to prepare the process models of the airports for merge, 
combined with the guideline from Dijkman et al. (2011) to maximise consistency in nodes, 
structure and behaviour of the models. Awareness of the importance of this need for 
consistency prior to commencing process modelling facilitates the manual merging process 
and improves its efficiency and quality. 
 
Process models are merged during this study as a means of consolidating knowledge of how 
passenger facilitation occurs across multiple airports, enabling a holistic analysis and, 
subsequently, improvement. The merging is a critical step en-route to developing a 
configurable reference model, for which La Rosa and Gottschalk (2009) present a toolset 
discussed in section 2.6. Process variants identified via merging need to be analysed to 
understand contextual factors related to them, to eventually develop a configurable 
reference model. Contextual factors are discussed in the next section and model 
configurability in the section after it. 
 
 
2.5. Contextual factors 
Once process models have been merged, similarities and points of variance are clearly 
identified in the passenger facilitation process. The differences, or process variants, are 
investigated to understand the associated reasons or “contextual factors” to use as a basis to 
configure the merged model. According to Dey (2001), context is “any information that can 
be used to characterise the situation of an entity.” The definition focuses on the interaction 
between user and application, though the concept can also be applied to a business process 
instead of an entity.  Leyer (2011) states that contextual factors can be used to operationalise 
context as indicators of the environment surrounding a business process. A contextual factor 
is therefore taken to be any condition within the context of a business process that may 
influence execution of the process, thus impacting the flow of activities, relevant events, 
involved roles, resources or data. Literature has been explored to identify known contextual 
factors specific to the air transport industry, in particular to the passenger facilitation process, 
however there appears to be a gap in this area. This study needs to provide a set of 
contextual factors for Australian airports as a result of the investigation.  
 
Papers have been found to discuss the affect and impact of context on process performance, 
but few provide a structure and taxonomy to scope and understand contextual factors, i.e. 
what characteristic or condition corresponds to a given process being performed differently 
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in different organisations. The selection of contextual factors for study appears subjective 
and not embedded in an organised model. Ploesser et al. (2009) state the importance of 
establishing industry-specific context taxonomies for providing a standardised vocabulary as 
a means to scope and bound these factors. From among the work found indicating how 
contextual factors can be organised, the “onion model” by Rosemann et al. (2008) is selected 
for guidance towards their classification and scoping. The Author of this thesis has adapted 
this model by adding a “supporting context” to the existing contexts, for improved 
completeness and clarity to distinguish context that enables the process from that around 
the immediate process itself. Another adaptation by the Author is distinguishing contextual 
influence as: dynamic “short term influence”, where the effect of contextual change is 
experienced in moments or days; and static “long term influence”, where it is experienced in 
months or years. The model adaptation is as follows: 
 
  
Figure 3. Adapted “onion model” of  context scope – based on Rosemann et al. (2008) 
 
The model proposed depicts the different scopes of context as concentric circles, in terms of 
what influences the process. They have the following meaning: 
•  “Environmental context” refers to the context external to the business network or domain 
(e.g. weather or political situation). 
• “External context” refers to context internal to the business network/domain and external 
to the organisation (e.g. international security related rules set by ICAO). 
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• “Internal context” refers to context internal to the organisation though external to the 
business process/business rules (e.g. change in management of organisation). 
• “Immediate context” is interpreted as context internal to the business process/rules, and 
external to supporting socio-technical enablers (e.g. the roles or arrangement of activities). 
• “Supporting context” is a newly added to the existing onion model and refers to a level 
below the executed process, capturing the underlying socio-technical enablers (e.g. BPM 
execution / workflow systems, organisational knowledge applied in process execution, or 
individual capability), as distinguished from that which is describes in the process itself.  
 
Using this model, the scope of contextual factors in this project can be articulated when they 
are derived. Rosemann et al. (2008) discuss the identification of context with respect to 
building capability to predict and manage a change to the context before it occurs, i.e. short-
term influence, such as for managing risk during run-time to reduce resource waste. As this 
study investigates contextual factors for the purpose of configuring process models for 
process design as a build-time activity, only those pertaining to long term influence are 
considered. Also, the following are not considered: effect of context on process performance  
(Leyer, 2011); context mining (Ploesser et al., 2009); context-awareness of information or 
technical systems (Dey, 2001; Newman & Sabherwal, 1991); and context-aware process 
modelling (Ploesser et al., 2009; Saidani & Nurcan, 2007). 
 
Despite the growing interest in process context, however, literature has not been found on 
how contextual factors, as classified in this study, can actually be derived from process 
models. The “onion model” from Rosemann et al. (2008) is used as a template to analyse the 
layers of context, to “identify, classify, understand and integrate relevant context with 
business process models”, however it does not explain the techniques or scenarios using 
which they can be derived. This is identified as a gap to be addressed. Therefore variations in 
the process models across the airports are investigated, to reveal reasons behind them via 
interviewing domain experts. These different reasons or “values” for each point can then be 
abstracted into a “variable” or contextual factor that can be organised by objective 
classification, providing a reusable set of categories of factors for future work.  
 
A number of aspects that broadly impact the facilitation process have been identified as a 
starting point for derivation of contextual factors. Different aspects can impact the process 
and passengers (Neiderman, 2004), technology (IATA, 2012) and security and privacy needs 
(Jain, Ross & Prabhakar, 2004), consequently resulting in process design changes. Passenger 
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numbers have an impact on passenger facilitation (Australian Government, 2009), e.g. size of 
airports to cater to needed capacities can result in changes to spatial orientation of the 
airports and hence affect movement times for passengers. Architecture plays a significant 
role in efficiency (Passini, 1992), possibly resulting in changes to the ordering of process. 
Introduction of changes to business models or technology at the airport could also potentially 
influence the process, e.g. rise of low-cost carriers, growing popularity of Common Use Self 
Service and Common Use Terminal Equipment (IATA, 2013a).  
 
Contextual factors appear to be studied for a number of different applications. This study 
requires them for the purpose of process configuration. The means to do this via a 
questionnaire is discussed in the next section. 
 
 
2.6. Process configuration using a questionnaire interface 
Once the process models have all been merged (integrated), and process variants are 
identified and analysed to determine contextual factors, the merged model is ready to be 
made configurable. The model can be “configured” by selection of appropriate values 
(contextual factors) by a user so that a subset of the merged model, called the individualised 
model, is generated as the output. Process configuration is the condition-based adaptation of 
a consolidated process model that has been derived from merging more than one similar 
(non-identical) model, such that the selection of conditions determines which process 
variants are included in the resulting filtered subset of the adaptation (La Rosa & Gottschalk, 
2009).  
 
Literature has revealed an effective means to implement configuration of merged process 
models through the use of a questionnaire that takes inputs of selections of the conditions 
from the user so that a corresponding configured model can be provided as output (La Rosa, 
Aalst, Dumas & ter Hofstede, 2009; La Rosa & Dumas, 2008; La Rosa, Gottschalk, Dumas & 
Aalst 2007; La Rosa, Lux, Seidel, Dumas & ter Hofstede, 2007). Among a number of 
approaches used for configuration and managing variability (Reichert & Weber, 2012a) is the 
use of configurable nodes, hiding and blocking of model sections, and annotation-based 
variability (La Rosa, Dumas & ter Hofstede, 2009). This study utilises configurable nodes 
(variation points), for design-time processes prior to execution. As a result, the specialised 
selection can be enabled by associating or mapping appropriate contextual values to the 
respective branches of the variation points. The capability of managing variability by using 
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context is discussed by Hallerbach, Bauer and Reichert (2008) who describe the usage of 
values within a context definition, where values correspond to different process variants, and 
configuration can be done by selecting these values. Reichert and Weber (2012b) also discuss 
multiple approaches to configuring models, such as questionnaire-driven, feature-driven, and 
context-driven. The selected approach is questionnaire-driven with contextual variations. 
 
Of the tools currently available for making process models configurable, the most suitable 
one found is what La Rosa and Gottschalk (2009) present as the “Synergia” toolset, which 
provides the ability to configure the merged set of models via selection of relevant variants. 
One of its components called Questionnaire Designer enables explication of the configuration 
conditions acquired from the contextual factors. La Rosa, Lux, et al. (2007) elaborate on the 
Questionnaire Designer to explain how a designer must define questions posed to the end 
user, where each question has corresponding options or facts (as conditions) from which a 
selection will be made by the user. Relationships between questions and facts, and even 
dependencies across them, are captured by Boolean expressions. Further guidance for 
designing the questionnaire to prevent mistakes and illogical outcomes are acquired from La 
Rosa, Aalst, et al. (2009). Questionnaires are used as they make a convenient user interface 
(Reichert & Weber, 2012a), providing a format of “plain English” with which a user answers 
brief questions via check boxes or radio buttons, using guidelines displayed on the screen, 
and needing little or no prior experience. 
 
Synergia is selected for this study as it is one of the more comprehensive software sets to 
implement a language-independent concept and allows making process models configurable. 
It also enables mapping of variants in the models to variables in a context, provides a user 
interface Quaestio for selection of answers by the user, and transitions into the presentation 
of a fully configured and “filtered” process model. This particular set of concepts and tools 
has already been successfully demonstrated in industry applications: e.g. in hospital 
emergency scenarios in dealing with medical responses using Configurable EPC or C-EPC (La 
Rosa & Mendling, 2008); and the post-production process in the film industry (La Rosa, ter 
Hofstede, Rosemann & Shortland, 2008). It is, however, not free of limitations (Reichert & 
Weber, 2012b), and an important one is that it only supports control flow variability (La Rosa, 
2009). Introducing configurability into the EPC process models requires that they are in their 
canonical or “lawful” notation (Recker, Rosemann, Aalst & Mendling, 2005). By extension, 
BPMN models also need to be available in canonical format for configuration to use in the 
tool as C-BPMN. 
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2.7. Configurable reference model quality 
Numerous studies have been explored to ensure quality of the reference model. This study 
uses criteria for characterising references models described by Fettke et al. (2005). This is 
done in order to avoid shortcomings similar to was found in the development of reference 
models they studied, particularly around construction and evaluation. The limited application 
of standardised modelling languages in other reference models has been discussed by them, 
which is not an issue for this study as a global standard notation is being used. BPMN has 
been vetted and evaluated by other researchers as an effective means to represent the 
essential requirements of this study, i.e. control flow and related roles, events and data 
objects (Decker & Puhlmann, 2007; Dijkman, Dumas & Ouyang, 2008; Recker, 2010; Recker, 
Indulska, et al., 2006; Wohed, Aalst, Dumas, ter Hofstede & Russell, 2006). Fettke et al. (2005) 
also state that the construction method is not often explicated, and this problem has been 
addressed by making the entire approach and steps for construction transparently available 
to the reader in section 4.2 as normative guidelines. Based on their classification, the design 
method used for this reference model is “empiric-oriented design”. For evaluation, the core 
challenge identified by them is that a standardised set of evaluation criteria does not exist, 
especially one that balances the scientific demands of preciseness, completeness and 
consistency with the practical demands of simplicity and understandability. Studies have 
been found to emphasise understandability and practical application more than 
completeness, e.g. Ramias and Wilkins (2012), who indicate that unless that without this a 
reference model may not be beneficial to an organisation. This work therefore derives 
evaluation criteria guided by the research objective to cover each of these demands. 
 
Embedding quality in the design of the reference model is endorsed by Matook and Indulska 
(2009). To do this, the work of Lindland, Sindre and Sølvberg (1994) as adapted by Mišić and 
Zhao (2000) has been used to propose criteria that can be used to evaluate quality of the 
reference model by evaluating quality of the process models themselves, i.e. in terms of 
syntactic (language), semantic (domain) and pragmatic (audience) properties. These often 
cited “Syntactic”, “Semantic” and “Pragmatic” properties from Lindland et al. (1994) provide 
a basis for the incorporation of modelling quality. Syntactic quality is ensured according to 
the correctness of the BPMN grammar. Syntactic correctness depends on the specifications 
of the selected language, in this case the BPMN specification (OMG, 2008). Semantic quality 
according to the business logic is ensured through validation by the personnel providing the 
information pertaining to the process, and for whose use these models are produced. 
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Pragmatic quality is ensured through the feedback of personnel for whose use these models 
are produced, that the models are suitable and easy to use. 
 
 
 
 
 
 
 
 
Figure 4 Model properties adapted from Lindland et al. (1994) by Mišić and Zhao (2000) 
 
For the purpose of pragmatic quality, i.e. making the models easier to comprehend while also 
familiarising the end user with the principles of the notation, the Author of this thesis has 
introduced a small number of new symbols in the individual airport models. This is done to 
accommodate the construct deficit for depicting information related to spaces (Recker, 
Indulska, et al., 2006), and to capture advanced choreographies in the interest of efficient use 
of symbols (Decker & Puhlmann, 2007). Design of the introduced symbols is guided by Moody 
(2009) in that: they fulfil a construct deficit; the shape corresponds to the meaning; visual 
variables are used to encode information; text is used to complement the graphics; the 
number of new graphical symbols is cognitively manageable (less than 5); and finally the 
symbols are expressive and use different colours. These new symbols relevant to spaces that 
comply with guidelines from Moody (2009) are explained in detail in section 4.3.1. Further 
modelling guidelines are derived from the work of Rosemann (2006); Indulska, Recker, 
Rosemann and Green (2009); Mendling, Reijers and Aalst (2010); Recker, Rosemann and Aalst 
(2005); and Moody (2009), as listed in Table 1: 
 
Table 1. Guidelines for model and modelling approach 
GUIDELINES FOR THE MODEL PRODUCT GUIDELINES FOR THE MODELLING APPROACH 
• Define appropriate level of detail  
• Ensure model reflects executed process 
• Maximise relevance in favour of 
completeness 
• Minimise number of visual elements  
• Minimise number of routing paths  
• Maximise structuring of model 
• Ensure standardised conventions are used 
• Maximise value proposition to business 
• Minimise interruption to the business 
• Maximise applicability 
• Embed quality in the modelling process to 
ensure the final product is of good quality 
 
Language Domain 
Audience 
Model Semantics 
Syntax 
Pragmatics 
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Several other aspects are found in literature for the design and development of a high quality 
reference model. Stakeholder perspective and engagement representation in reference 
model design is found to be a gap by Schermann, Prilla, Böhmann, Krcmar and Herrmann 
(2012), which is a addressed by the selected process modelling notation that necessarily 
captures roles for every activity. In addition, terminology is perceived by Mendling (2012) and 
Winter and Schelp (2006) as an important consideration for reuse of models. The reference 
model is developed inductively via comparing and merging the As-Is, and consolidating 
findings into a suitable framework, to subsequently validate terminology with the domain 
experts, as emphasised by Seidel, Rosemann, ter Hofstede and Bradford (2006). 
 
Quality criteria for the artefact have been derived by the Author of this thesis from the 
reference modelling and process modelling literature discussed in this section. The criteria 
are stated in section 3.3.4, and the final artefact is evaluated according to them in Chapter 6. 
 
 
2.8. Chapter summary 
Literature has been consulted in identifying scope and guidance for this project. The domain 
area for which modelling is to be done is international airports, which needs to be explored 
with respect to the internal and external factors that drive change thus influencing design of 
passenger facilitation and its environment. Literature has been found to guide modelling 
quality, to inform the design and development of reference models, and to provide 
awareness of issues around the notation thereby enabling their mitigation. Existing 
knowledge is found for guiding the merge of process models as a means for developing 
configurable reference process models via identification of similarities and differences. An 
application of contextual factors utilised in to make such a model configurable has yielded 
useful advice towards scoping and classifying context. This study combines questionnaire-
driven and context-driven approaches by designing the questionnaire interface based on 
context information, specifically in the area of airport passenger facilitation. This enables the 
configurable model to generate possible model options of what the passenger facilitation 
process can look like based on different contexts.  
 
A number of gaps that have been identified in literature are addressed by this project. First, a 
reference for airports based on current practices has not yet been developed. To address this, 
a configurable reference model is developed for the airport passenger flow in this project. 
Second, BPMN notation does not enable explicit depiction of the impact of physical space on 
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the process, which appears to be an important criterion for design of airport processes. This 
project adapts the notation to suit the airport modelling needs and accommodate space for 
the individual airports, and finds a suitable substitute in the canonised notation for the 
configurable reference model. Third, current airport process models for building the 
reference model have not been found to be available freely in industry or academic literature 
thereby a foundational modelling exercise needs to occur. Fourth, little is found to guide 
derivation of contextual factors that will be required for making the merged model 
configurable.  An approach is proposed by this work to derive contextual factors, from an 
operational long-term design perspective, that influence operational design via the process 
variants. Fifth, a comprehensive set of normative guidelines is not found on how to develop a 
configurable reference model. To address this, the approach used in this project to develop 
the artefact is presented as a set of normative guidelines for others to use. The next chapter 
describes the research design for providing this contribution. 
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3. Research design 
3.1. Chapter introduction 
The literature review from the previous chapter reveals a number of gaps, and this chapter 
describes how the research is designed to provide contributions to address these gaps. The 
methodology for this research is firmly based in design science, defined by Johannesson and 
Perjons (2014) as “the scientific study and creation of artefacts as they are developed and 
used by people with the goal of solving practical problems of general interest”. The conduct 
of the research and guidelines to ensure scientific quality are derived from Hevner et al. 
(2004), who state that design science research in Information Systems addresses wicked 
problems, which are characterised by: 
• Unstable requirements and constraints based upon ill-defined environmental contexts 
• Complex interactions among subcomponents of the problem and its solution 
• Inherent flexibility to change design processes as well as design artefacts 
• A critical dependence upon human cognitive abilities to create effective solutions 
• A critical dependence upon human social abilities to produce effective solutions 
The airport environment fulfils these criteria as discussed in Chapter 1 and section 3.2.2. 
 
A method framework to structure design science research activities is provided by 
Johannesson and Perjons (2014) used for this research as shown in the research design in 
Figure 5 on the next page, which includes the activities involved in the execution of the 
design science methodology, as well as related inputs and outputs. Using this framework, the 
study starts with problem explication, continues to define requirements for the study and 
artefact, then focuses on design and development, which is demonstrated and finally 
evaluated. The diagram also shows which chapter addresses each part of the design. It 
includes the knowledge used to conduct these activities, from among which the practice 
environment. Research positioning, strategy and methods are explained in section 3.2. This 
chapter also explains the research requirements regarding research guidelines, stakeholders, 
software, and quality requirements for the final artefact in section 3.3. 
A configurable airport reference model for passenger facilitation 
Page 29 
 
 
Figure 5. Method framework adapted from Johannesson and Perjons (2014) and Hevner (2007)
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3.2. Research approach 
The research approach for this project guided by Johannesson and Perjons (2014) is 
arranged as shown in the following diagram (each aspect is explained in subsequent sub-
sections): 
 
 
Figure 6. Research approach used guided by Johannesson and Perjons (2014) 
 
As the methodology has already been introduced in section 3.1, the rest of the approach 
elements used in this study are explained in this section, namely: the paradigmatic view 
that is applied; the type of design science research contribution produced; the design 
science activity most focused on; the environment within which the study occurs; the 
research strategy used to study it; and methods used for data collection and analysis. 
A configurable airport reference model for passenger facilitation 
Page 31 
3.2.1. Positioning of research  
Philosophical positioning 
The philosophical underpinnings of this study draw from two research paradigms that are 
used in design science, namely positivism and critical realism (Johannesson & Perjons, 
2014). Gioia and Pitre (1990) define a paradigm as “general perspective or way of thinking 
that reflects fundamental beliefs and assumptions about the nature of organizations”. 
Successful applications of multi-paradigmatic research have been previously conducted in 
BPM, for instance the work of De Bruin (2009) combines the same paradigms for theory-
building around BPM progression and maturity in organisations. This research does not 
intend to build theory, but the interpretation and investigation of the nature of the 
problem environment do require a similar combination to occur. Gioia and Pitre (1990) 
explain that an appropriate bridging of multiple paradigms can transcend boundaries 
imposed by subscribing to only one or the other, and is beneficial to research in providing a 
more complete view. They explain that due to “multiplicity of organizational realities, a 
pluralistic, multiple-perspectives view becomes a necessity for achieving any sort of 
comprehensive view”. Their work indicates that it is important to harmoniously integrate 
the two paradigms, to avoid a fragmented mental view that can confuse rather than 
complement the research. Basing the understanding on explanations by Johannesson and 
Perjons (2014), this study adopts positivism epistemologically, in that observation is used to 
obtain knowledge about the social world, as well as methodologically, as the researcher has 
strived for objectivity and distance from the entities being studied. Ontologically, however, 
the view of critical realism is preferred as its three domains offer greater completeness: 
• The real domain consists of underlying structures, entities, and mechanisms as well as 
the objects and events caused by them. 
• The actual domain consists of events and behaviours caused by structures, entities, 
and mechanisms in the real domain, which can be experienced. 
• The empirical domain consists of experienced events, i.e. events that have actually 
been observed by someone. 
 
Johannesson and Perjons (2014) state that “some strands of positivism would claim that 
only perceivable entities exist, i.e. those in the empirical domain, critical realism states that 
all entities that can cause effects exist. […] In other words, existence does not depend upon 
perceptibility but upon causal power.” While the modelled airport processes are observed 
and captured in the empirical domain using a positivist lens, the contextual factors affecting 
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influences of airport characteristics in the actual or real domains
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Gregor and Hevner (2013)
contributions as shown below, 
while acknowledging that 
 
Figure 7. Kinds of design science contributions [in 
 
The contribution in this research falls into the category of 
knowledge that already exists in one field is extended or refined so that it can be used in 
some new application area” 
configuration and reference models, and the new problem addressed is the opportunity to 
use the solution as a tool 
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Stage 1 involves development of process models at each individual airport in order to 
establish a visual shared understanding of the process among all stakeholders. This is not 
only an important step for the researcher, but also a tangible outcome for the stakeholders, 
for their records, communication or improvement. Process modelling starts with a scoping 
exercise to define what is modelled and who provides the information. Following this the 
models are produced using data collected from the domain experts, and captured using the 
selected language of BPMN. The researcher verifies syntactic, semantic, and pragmatic 
quality of the models, which are then validated by the domain experts. Once all models are 
completed, the next stage can begin.  
 
In Stage 2, the models are merged in order to identify where the process differs across the 
airports. The merge is done manually by comparing the different sets of models to identify 
similarities. The similar parts are consolidated into a single model while appropriately 
distinguishing the process variants, using a configurable adaptation of the BPMN notation. 
The single integrated model, with highlighted differences, is to later take the shape of the 
configurable model. Once the merged model is completed, the reasons behind the 
differences, or process variants, can be finalised. This reasoning, or contextualisation, 
allows the model to be made flexible so as to adapt according to changing contextual 
characteristics.  These contextual factors are derived to structure a questionnaire to be 
used as the interface for the user. The next component developed is the mapping of the 
questionnaire to process model, so that answering the questionnaire in its appropriate 
user interface would generate resultant filtered model. In other words, a combination of 
the answers from the questionnaire applied to the merged model (via the mapping) with 
the use of appropriate software produces the configurable airport reference model. Such 
an adaptation provides an “initial To-Be” process (Küster et al., 2006) that can be translated 
into the desired operational design. This activity is conducted in accordance with the 
requirements stated later in the section 3.3, and the environment - within which the 
application domain is considered - is scoped in the next section. 
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3.2.2. Research environment 
The diagram below shows the research environment from Figure 5, as scoped in this study. 
This study is done within the terminals at five of nine commonly used international 
Australian airports, namely Brisbane airport (BNE), Melbourne airport (MEL), Perth airport 
(PER), Rockhampton airport (ROK), and Gold Coast airport (OOL). (The selection of these 
airports as cases is discussed in section 3.2.3.) 
 
 
Figure 9. Domain focus of project 
 
This study focuses on a subset of processes from the airport socio-technical system, which 
according to Johannesson and Perjons (2014) is a “hybrid system that includes technical 
artefacts as well as humans and the laws, rules, and norms that govern their actions.” The 
socio-technical system from the target application domain encompasses infrastructures, 
which are defined in Rinaldi, Peerenboom and Kelly (2001) as “the underlying foundation or 
basic framework (as of a system or organization)”. As explained in Chapter 1, the airport 
context includes numerous interdependencies, where an interdependency is defined by 
Rinaldi et al. (2001) as “a bidirectional relationship between two infrastructures through 
which the state of each infrastructure influences or is correlated to the state of the other”.  
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These interdependencies are what characterise problems entrenched in passenger 
facilitation as “wicked” (introduced in section 3.1). The imposed constraints are dynamic 
and cannot be predicted (e.g. a volcano erupting in one part of the world affects air traffic 
somewhere else). The subcomponents of the facilitation process (whether interdependent 
stakeholders, processes or systems) have complex interaction amongst themselves and 
with external factors. An example is the airport accommodating passengers according to 
plane movements that are a result of complex planning and statistical calculations 
performed by an external organisation. The activities and artefacts related to passenger 
facilitation are under the influence of the airport and its stakeholders - both internal and 
external - and so can be changed with time. Finally, the realisation of these solutions is 
dependent on the social interaction between and even within the stakeholder groups, such 
as the millions of passengers influencing each other's behaviour with their own. This means 
that while there is no exact answer or solution, useful solutions can still be derived using 
guidelines and research requirements, which are discussed in the section 3.3. 
 
The environment boundaries for this research are scoped using the dimensions of 
infrastructure interdependencies explained extensively by Rinaldi et al. (2001) and 
summarised by them as shown in Figure 10. 
 
 
Figure 10. Dimensions for infrastructure interdependencies (Rinaldi et al., 2001) 
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This study occurs within the business environment of airports and captures the tightly 
coupled logical interdependencies of organisational, operational, temporal, and spatial 
infrastructure characteristics, within the normal state of operation. These 
interdependencies are interpreted using the lens of BPM, focussing on the outbound 
international passenger facilitation process. Processes involve those repeated activities of a 
business that provide value, and cover the typical scenarios of travel as prescribed by the 
organisations, and so exceptional situations (e.g. emergencies) are out of the scope of this 
study.  
 
As the passenger is the focus of the passenger facilitation, baggage handling and 
reconciliation are also out of scope. Also, international departure is found to be a 
sufficiently complete process for the purposes of this project, and so others are not 
considered e.g. arrivals, transit or transfer, or the domestic processes. Finally, actual 
passengers have been observed though not interviewed in this project, as the participating 
organisations were able to provide the needed data and access to observation and 
requested for passengers to be uninterrupted. 
 
3.2.3. Research strategy and methods 
This work uses case study as a research strategy - popularly applied in Information Systems 
(Orlikowski & Baroudi, 1991) - for developing the configurable airport reference model. 
Benbasat, Goldstein and Mead (1987), discuss case study characteristics that are used in 
this research and state that: “A case study examines a phenomenon in its natural setting, 
employing multiple methods of data collection to gather information from one or a few 
entities (people, groups, or organizations)”. The case study purpose is primarily descriptive 
– each case yields a “rich and detailed description of an instance and its environment” 
(Johannesson & Perjons, 2014) in the form of its respective BPMN passenger facilitation 
process model. The five airport case instances are selected on a basis of diversity to find a 
suitable balance between both typical and unusual features representative of Australian 
airports. This selection was, however, contingent on the airports agreeing to participate in 
the research. Brisbane, Melbourne and Perth airports are selected as typical major 
international airports. Gold Coast and Rockhampton are unusual in that as smaller airports 
international and domestic flights occur at the same terminal, and furthermore 
Rockhampton provides chartered military services.  
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While the full descriptions of each case are presented as individual process models, the 
final artefact encapsulates their descriptions with the functions of the reference model. The 
design processes used to this do not suffer from the typical lack of generalisability that may 
result from case studies (Johannesson & Perjons, 2014), as they are captured as domain-
agnostic normative guidelines in the next chapter. Each instance is studied in depth, 
capturing all prescribed facets of the processes as the unit of analysis, which Tellis (1997) 
explains is “a critical factor in the case study. It is typically a system of action rather than an 
individual or group of individuals”. The core case study question (Yin, 2013) is simple: “what 
is the process for international departure passenger facilitation?”. It is in the representation 
of these as process models that considerations of pragmatic quality plays a role in balancing 
with model completeness (see section 3.3.4). By definition of being process models, the 
artefact captures the relevant “relationships and processes” in each case. As advised by 
Benbasat et al. (1987) a multi-method approach is used for data collection to ensure “rich, 
many-faceted knowledge” is captured, in particular from interviews of the domain experts 
and observation the process execution. The cases are considered in their natural setting, as 
data is collected from domain experts via interviews during visits to the respective airports 
in the different cities, and observations are carried out around the same time. 
 
Semi-structured interviews are used during data collection from domain experts. The only 
order to the questions was in directing them from the most abstract high level processes to 
the most detailed ones, by first addressing the end to end top level, then working down to 
the next one, and so on. An exact script is not used, rather the most repeated questions for 
process modelling in this project are: “what is done?”; “how is this done?”; “what happens 
then?”; “who does this?”; “what is the input and from where does it come?”; “what is the 
output and where does it go?”; and “when does this activity occur?”. Questions are also 
asked about the control flow, roles, events, typical exceptions, locations and any 
technology that might be used. The questions are posed as required and the processes are 
modelled on paper during the interview. A basic introduction to BPMN is provided prior to 
the interview so that the domain expert can understand what is being modelled. During 
derivation of contextual factors, the key question is “why are these steps different at this 
airport?” to acquire the professional opinion of the domain expert. Validation of captured 
data is also done via interviews, where the domain expert identifies any inconsistencies or 
inaccuracies in the captured business logic. Audio recordings are made where they provide 
consent, as per the ethics requirements of the study.  
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Document analysis of organisational artefacts is carried out to support process modelling 
and practical positioning of the research. In this case, government reports used include: 
Review of Passengers Functions at International Airports (Rehbein AOS, 2007b); Passenger 
Facilitation Taskforce Performance Model (Rehbein AOS, 2007a); National Passenger 
Facilitation Committee (NPFC) Performance Survey (NPFC, 2009a); and NPFC Strategic 
Outlook (NPFC, 2009b).  
 
Instructional material on business rules is used to understand the process including 
brochures provided at airports by Australian government agencies such as: “Cross-Border 
Movement – Bearer Negotiable Instrument information for international travellers”; “Are 
you carrying $10,000”; “Tax back for Travellers – TRS Tourist Refund Scheme”; “New  
Passenger Duty Free Concessions”; “Going overseas? Don’t bring it back”; “Guide for 
travellers – know before you go”; “Help protect Australia”; “Information for Domestic 
Passengers travelling on international flights”; “If in doubt check it out”; “Client Service 
Charter”; and “Are you heading to an area affected by Bird Flu?”. These types of documents 
clarify what behaviour or activities are expected of the passengers. 
 
Studying business objects samples also assists the modelling activity, for example: Outgoing 
and Incoming Passenger Cards; boarding pass; bag tag; bag tag receipt; and “Express path” 
cards for departing and arriving premium travellers. Study of such documents enables 
improved understanding of business rules and effective domain expert interviews, 
especially with respect to the points in the process that the traveller acquires important 
information. 
 
Observation is carried out as a secondary means of data collection for process modelling, 
firstly to gain an understanding through observing the process at each airport from 
beginning to end, and secondly for confirming what is learned from the respondents of the 
interviews. The intent of the data collection has been to ensure that objectivity is 
maintained and data is comprehensive. Actual roles and numbers of interviewees or 
respondents for data collection and analysis activities are presented in Chapter 4. 
 
The next section describes the research requirements for the design, development, and 
subsequent evaluation of the artefact.  
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3.3. Research requirements 
The requirements for this research are expanded in this section as an output of the “Define 
requirements” activity from Figure 5. They are described using: the design science research 
guidelines; the stakeholders from the application domain in terms of study participants and 
artefact users; software resources needed for the development and implementation of the 
artefact; and finally quality criteria for the evaluation in Chapter 6. 
 
3.3.1. Guidelines 
Using the guidelines of Hevner et al. (2004) has been integral to this study to ensure that 
the design science research is of high scientific quality. These are listed below: 
 
Table 2. Design-science research guidelines as in Hevner et al. (2004) 
GUIDELINE DESCRIPTION 
Guideline 1: Design 
as an Artifact 
Design-science research must produce a viable artifact in the form of a 
construct, a model, a method, or an instantiation. 
Guideline 2: 
Problem Relevance 
The objective of design-science research is to develop technology-based 
solutions to important and relevant business problems. 
Guideline 3: Design 
Evaluation 
The utility, quality, and efficacy of a design artifact must be rigorously 
demonstrated via well-executed evaluation methods. 
Guideline 4: 
Research 
Contributions 
Effective design-science research must provide clear and verifiable 
contributions in the areas of the design artifact, design foundations, and/or 
design methodologies. 
Guideline 5: 
Research Rigor 
Design-science research relies upon the application of the rigorous 
methods in both the construction and evaluation of the design artifact. 
Guideline 6: Design 
as a Search Process 
The search for an effective artifact requires utilising available means to 
reach desired ends while satisfying laws in the problem environment. 
Guideline 7: 
Communication of 
Research 
Design-science research must be presented effectively both to technology-
oriented as well as management oriented audiences. 
 
Each guideline is followed to fulfilment and in doing so combined with guidance from the 
work of Peffers et al. (2008), Baskerville et al. (2009), and Goldkuhl (2012).  
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Guideline 1: Design as an Artefact 
The artefact developed in this project is a configurable airport reference model - a set of 
models comprehensively detailing current passenger flow practices that are common 
across Australian airports, and that can be maintained by the airport, kept updated and 
relevant. Johannesson and Perjons (2014) provide a way to describe the artefact, based on 
its function, structure, environment and effects.  
 
The configurable reference model functions as an abstract conceptual representation of 
reality that serves as a point of reference, source of information and therefore as a guide. 
As explained by Mišić & Zhao (2000), some conditions are met to create a set of process 
models as a framework from which to draw desired scenarios according to specialised 
requirements. In this project: (1) The reference model is comprehensive enough to capture 
the core processes from a domain, such that comparing it to a new case in the same 
domain does not yield a change in scope of the model. It captures a “superset” of 
integrated models from multiple sets of processes across sufficient cases in the domain of 
interest so as to saturate them. (2) It captures a relation between requirements and 
scenarios such that a change in requirement produces a corresponding and accurate 
change in the process scenario generated. This relation exists between characteristics 
within the context of a domain, i.e. its contextual factors that are responsible for variants, 
or differences, within similar processes across different cases. (3) Finally, the process 
reference has the capability of being adapted to actually produce those specialised 
scenarios from specific requirements, via configuration so that each input condition results 
in a correspondingly specialised individualisation in the model output.  
 
This study does not classify the structure of the artefact using the popular classification of 
March and Smith (1995). Instead, it uses the typology by Iivari (2007) and Orlikowski and 
Iacono (2001) in order to classify the artefact as a productivity tool for the function of 
providing an augmentation service presented as a model to represent the “social, […] and 
informational phenomena (e.g. processes, structures, events, knowledge […])” via process 
modelling. As discussed in section 3.2.2 the environment of the artefact is the airport 
domain, specifically passenger facilitation, and the intended user is the airport operator.  
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Guideline 2: Problem Relevance 
Relevance is demonstrated by first clarifying that there is in fact a business problem that is 
currently unsolved – where a problem is represented by the difference between the goal 
state and current state – and then by showing that the solution being proposed can address 
this problem (Hevner et al., 2004). As relevance needs to be balanced with rigour, Iivari 
(2007) suggests that the ideas that inspire design can originate from the following: (1) 
Practical problems and opportunities; (2) Existing artefacts; (3) Analogies and metaphors; 
and (4) Theories. The first three are the origins of the design idea for this study. Iivari states 
that “A practical problem may be a conglomerate of different problems, and a piece of 
research may not attempt to address the whole conglomerate but may focus only on some 
specific subproblem.” This research does not claim to solve the practical airport facilitation 
design problem completely, though it does claim to provide a tool that can better inform 
decisions via holistic consideration of interdependency of stakeholders operating at the 
airport, using an efficient means to elicit needs (see Chapter 1 for problem explication). The 
research draws from existing reference models, and in particular existing methods advised 
for constructing them. The analogy used for the artefact is that of a computer vendor using 
a simple questionnaire, based on how other customers currently use their computers, to 
elicit user needs in a non-technical language, and then returning to the user a typical 
technical configuration of their desired machine as the result. The research addresses 
potentiality by exploring the opportunity to introduce an artefact that could address the 
problems of the constituent community of airport practitioners who would operate it 
(Hevner, 2007; Hevner et al., 2004; Iivari, 2007). Relevance needs requirements to be 
complemented with acceptance criteria (Hevner, 2007) for evaluation, which is discussed in 
the next guideline. 
 
Guideline 3: Design Evaluation 
Evaluation is performed ex-ante in this research, as it precedes the commercially-ready 
artefact equipped with automated configuration (Baskerville et al., 2009), but the design 
and completion of every component of the artefact is evaluated as it is produced 
(Johannesson & Perjons, 2014). There are three layers of evaluation in this study, each of 
which is extensively discussed in Chapter 6 Evaluation. Evaluation of conceptual model 
quality is embedded in the approach (see section 4.2) as an analysis of the static qualities 
for model structure (Hevner et al., 2004). The quality criteria that are the basis for 
evaluation are provided in section 3.3.4.  
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Guideline 4: Research Contributions  
Hevner et al. (2004) state that at least one of following three types of contributions must 
be found in effective design research: the design artefact itself; extension of existing 
foundations in the design science knowledge base; and evaluation methodologies. In this 
research, the design artefact is the configurable airport process model, which extends the 
use of reference model in a new and innovative way via process configuration in a domain 
where it has not been applied before, to the best of the Author's knowledge. The research 
also extends the knowledge base by presenting design process knowledge (Iivari, 2007), or 
meta-artefacts (Hevner, 2007). The first of these is space sensitive modelling, which 
provides a means of representing relevant spatial context related to control flow, adding to 
the types of explicit resources that can be visualised, thereby complementing BPMN 
current process modelling techniques. The second is contextual factor derivation, which is 
suggested and applied to derive contextual factors for use in the configurable model, 
thereby complementing current process configuration techniques. Finally normative 
guidelines propose a process to effectively develop a configurable process model, thereby 
complement current reference modelling techniques. Each of these is a technically sound 
conceptualisation tested experientially in this research, and can be implemented 
independent of each other and of the domain.  
 
Guideline 5: Research Rigor  
According to Hevner (2007), rigour in design science is derived from the effective use of the 
knowledge base. While design science does sometimes rely on mathematical formalism to 
describe an artefact, this research does not. It is, however, deeply rooted in prior work that 
does use accepted mathematical formalisms to describe the technical foundations (La Rosa, 
2009), as extensively discussed in the previous Chapter 2 Literature Review. Configurable 
process models are proposed as a suitable platform for developing an artefact to fulfil the 
above conditions (Aalst, Dreiling, Gottschalke, Rosemann & Jansen-Vullers, 2005; Recker, 
Mendling, Aalst  & Rosemann, 2006; Rosemann & Aalst, 2007). This is done using a 
software called Synergia by adapting notation to make it configurable (La Rosa, Aalst, et al., 
2009; La Rosa & Dumas, 2008; La Rosa, Gottschalk, et al., 2007; La Rosa, Lux, et al., 2007). 
The evaluation and managing of quality within the process models follows selected 
guidelines (Figl et al., 2010; Lindland et al., 1994; Mendling et al., 2010; Moody, 2009), and 
mitigates potential issues in notations (Recker, 2010; Recker, Indulska, et al., 2006; Recker 
et al., 2009; Wohed et al., 2006).  Guidelines for merging process models are also obtained 
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from literature related to the identification of similarities and differences (Dijkman, 2007; 
Dijkman et al., 2011; Mendling, 2012). Also utilised is an understanding regarding the 
application and classification of contextual factors (Hallerbach et al., 2008; Rosemann et al., 
2008). This along with other literature ensures that the artefact has a firm academic base. 
 
Guideline 6: Design as a Search Process  
Hevner et al. (2004) state that “Design is essentially a search process to discover an 
effective solution to a problem.” They also derive from Simon (1996)  that “Problem solving 
can  be  viewed  as utilizing available  means to  reach  desired  ends  while satisfying laws 
existing in  the  environment”. The “means” used for this research are the knowledge from 
the airport domain and local airport practice (Goldkuhl, 2012), and resources and guidance 
from prior theoretical work as mentioned in Guideline 5. The “laws” being satisfied are the 
requirements from the quality criteria, discussed in section 3.3.4., as well as the 
uncontrollable constraints of the problem environment. A key anticipated constraint is 
potentially conflicting stakeholder interests. To mitigate this constraint, this project derives 
the artefact from a pool of shared descriptive experiences of the different stakeholder 
groups in the form of process models. The “desired ends” in this case is the provision of a 
means to assist passenger facilitation design, as explicated in Chapter 1. 
 
Guideline 7: Communication of Research  
According to Hevner et al. (2004), design science research must be capable of effectively 
communicating to both technology-oriented and management-oriented audiences, both of 
which are ensured in this study. Construction of the artefact is described in sufficient detail 
for a technical audience as to ensure repeatability of the research (also emphasising its 
reliability) and extension of the work. At the same time, its use by management users is 
enabled via a simple questionnaire to take inputs of their needs "within specific contexts 
for individual or organizational gain” (Zmud, 1997). Managers need only knowledge on how 
to read basic BPMN process models and recognise the terminology in the questionnaire 
specific to the airport context, which is expected to be familiar as it is acquired from the 
domain experts themselves. This thesis provides an understanding of the components of 
the artefact for the benefit of the management audience, supplemented by further 
information in the appendices, thereby fulfilling what is recommended by the guideline. 
The communication is therefore tailored to suit users concerned with the domain 
contribution as well as those concerned with the method contribution.  
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3.3.2. Stakeholders 
The airport is a complex environment with numerous interdependent stakeholders. For 
reasons stated in Chapter 1, the “airport” is the primary stakeholder for this research, and 
other key participants in the study are Air New Zealand, Australian Customs and Border 
Protection Service (ACBPS, 2014), Department of Immigration and Border Protection 
(Department of Immigration and Border Protection, 2014), and ISS (security contractor). 
Across all five airport cases, the airport operator is different but the other organisational 
stakeholder remains the same, thus providing a “control”, in a manner of speaking, for data 
collection and analysis. Each of these stakeholder groups is involved in or responsible for a 
particular part of the international departure process. The airport is responsible for 
terminal entry activities. Government agencies are involved in customs and immigration 
activities. The airline is involved in check-in and boarding, and may utilise ground-handlers 
as sub-contractors. Activities related to security screening are performed by a company 
called ISS (ISS, 2014) who are subcontracted mostly by airports and in one case by the 
airline Qantas. Ancillary service providers and concessionaires offer retail and optional 
services that fall under the title of “discretionary activities” for the passenger (e.g. such as 
gift shops), and for the purpose of this study are considered part of the airport. 
 
Wijnen et al. (2008) define the main roles involved in decisions as follows: “Decisionmakers 
[…have…] the decision power to develop and implement strategies for the airport’s 
development, operation, and management […and…] usually do not make direct use of 
(analytical) computer tools. Decision Advisors […] advise the people that make the actual 
decisions […and…] explore the strategies that could be implemented for meeting the goals 
set by the decision makers. In order to accomplish this task, they hire external consultants, 
use in-house computer tools, and consult domain experts. Domain Experts […] have 
specific knowledge of the airport system (e.g. of the airside, landside, ground access 
infrastructure) and its operation.” For the purpose of this study, those participating in data 
collection are domain experts from mid-level management in the role of operational leads. 
The airport domain experts are from a tier of management that also enables them to be the 
decision advisors as intended end-users of the final artefact.  
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3.3.3. Software resources 
This research extends earlier work (La Rosa, Aalst, et al., 2009; La Rosa & Dumas, 2008; La 
Rosa & Gottschalk, 2009) in that it draws upon the technical knowledge to design 
configurable models, and applies it within the context of the airport domain. The software 
tools for this work are available online at http://www.processconfiguration.com and 
http://www.signavio.com, and are listed below: 
1. Signavio is a web-based process modelling tool available commercially as well as to 
the academic community. It has been modified by a developer to make gateways 
configurable. Once the model is imported into the modified version of the editor, a 
newly added checkbox can be toggled on or off to make a selected gateway 
configurable or not, as required. 
2. Apromore is a process model repository for storing merged models to be configured. 
3. Questionnaire Designer is used to design the questionnaire by capturing the questions, 
facts (answer options), the dependencies between them, and their behavioural 
constraints. Once the questionnaire model has been designed in this tool, it is ready to 
be imported into Quaestio for configuration by the end user. 
4. Quaestio is a questionnaire interface presented to the business user, who selects the 
relevant facts (answer options) therein that describe the conditions for which a 
projected model is desired. The answers selected are saved in a file that is one of the 
inputs to for process configuration. 
5. C-Mapper is a software component that enables mapping of branches in the actual 
process model to the facts in the questionnaire. When the business user selects 
answers to questions from available facts, that particular answer would correspond to 
one or more branches in the process model. That mapping of facts to model sections is 
made using this tool and results in a mapping file. 
6. Process Configurator takes the mapping and answer files and processes them to 
configure the “master” model according to the conditions. 
7. Individualiser uses the output from Process Configurator to produce a corresponding 
“individualised” model, relevant only to answers from the user. 
 
N.B. At the time of this research, part of the software toolset was unavailable to fully 
demonstrate the automated configuration. 
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3.3.4. Quality criteria 
Conceptual model quality 
Drawing from Lindland et al. (1994) in Mišić and Zhao (2000) and Recker, Rosemann and 
Aalst (2005) as discussed in section 2.7, the conceptual model quality criteria used to 
evaluate quality of artefact design in Chapter 6 are summarised below: 
 
Table 3. Conceptual model quality criteria 
SYNTACTIC (LANGUAGE) SEMANTIC (DOMAIN) PRAGMATIC (AUDIENCE) 
a. Syntactic correctness  
b. Representation of mandatory 
configuration points 
c. Representation of 
configuration dependencies  
d. Syntactic consistency  
e. Semantic validity 
f. Semantic 
completeness 
g. Coherence 
h. Semantic consistency 
i. Comprehensibility 
j. Abstraction and modularity 
k. Detail and expressiveness 
l. Conciseness  
m. Technology dependence 
n. Extensibility 
 
The work of Lindland et al. (1994) is used to establish the basis of conceptual model quality 
in this study. They state that syntactic quality is determined by how “closely the model 
adheres to the language rules”, the primary goal being syntactic correctness. As the 
artefact being evaluated is the configurable model, additional criteria are included to 
ensure that representation of configurability is included in the syntax. Due to the additional 
need to merge the models to produce the reference models, syntactic consistency of 
“modelling style” of how the language conventions are used is added as a criterion. 
Semantic quality is said to be determined based on how closely the model reflects the 
domain, with two primary goals: validity i.e. “all statements made by the model are correct 
and relevant to the problem”, and completeness i.e. “the model contains all the statements 
about the domain that are correct and relevant”. Again due to the merge activity, qualities 
are added: coherence ensures that all parts of the model are harmonious with each other 
vertically in the top down model hierarchy and horizontally across cases; and semantic 
consistency to ensure that “logic style” in depiction of business rules and naming 
conventions is consistent.  Pragmatic quality is affected by how the meaning is conveyed, 
with the key goal of comprehensibility, i.e. how easily can the model be understood. 
Lindland et al. (1994) say that “gut instinct” plays a role; consequently additional means to 
complement comprehensibility are considered. These include: abstraction and modularity, 
which assist the reader of the model to appropriately “filter” (Lindland et al., 1994) and 
concentrate on specific parts at a time; detail and expressiveness, which encourage rich 
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communication; and conciseness, which helps to prevent the model from becoming 
unwieldy to the point of “incomprehensibility” (Lindland et al., 1994). The ability for the 
model to be implemented is indicated by the nature of its technological dependence – the 
goal is either to reduce dependence on, or increase capability of the technology. Finally, the 
model needs to be extensible so that it can accommodate content changes and additions 
for ongoing relevance. 
 
Scientific model quality 
Evaluation of the scientific model quality is done by ensuring reliability and validity, 
supported by triangulation. Validity is explained by Golafshani (2003) as the truthfulness, 
accuracy and objectivity of a study. In order to ensure this, validating checks are done 
regularly with the domain experts throughout the lifespan of the project, particularly at the 
start and finish of each milestone, or when each component is completed. Where validating 
checks with domain experts are not required, they are checked against guidance provided 
in literature, e.g. for model merging and configurability design. Reliability describes how 
dependable the study is based on replicability of the findings using a similar methodology 
(Golafshani, 2003) and consistent usage of the investigative tools. Triangulation (Golafshani, 
2003) in data collection is introduced to strengthen reliability and validity of results, in 
some cases by combining complementary methods and multiple stakeholder viewpoints: 
(1) different techniques are applied where appropriate to elicit data (e.g. reinforcing 
findings from interviews with observations); and (2) data is collected from representatives 
of each stakeholder group at different levels within the organisational hierarchy.  
 
Fulfilment of intended purpose 
A tool must fulfil the function it is created for, and a design artefact is no different. The 
artefact in this study is created to improve stakeholder decision-making, through better 
informing it in the form of a configurable reference model. The artefact is meant to make 
requirement elicitation more efficient and present a specialised set of processes 
corresponding exactly to the contextualised requirements provided by the user. Reduction 
of complexity indicates whether the artefact can reduce the effort involved in 
accomplishing the targeted tasks. Embedded reusability is based on a notion introduced by 
Gill and Hevner (2013) of the fitness of an artefact being determined by the extent to which 
it can evolve, or whether utility can be sustained by extending the model. These high level 
requirements must be addressed by artefact for it to be sustainably useful. 
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3.4. Chapter summary 
Research design aims to inform how the study is addressed. This chapter has organised the 
research design in terms of the research approach and requirements that are addressed, in 
the context of the method framework used to organise execution of this project.  
 
The methodology adopted in this thesis is design science, and is based on the seven design 
science guidelines which guide the design and development of an artefact, i.e. the 
reference model. The research is positioned by bridging the paradigms of positivism and 
critical realism, and presents the research contribution as exaptation. The requirements are 
scoped around the target research environment, domain experts and users, and software 
resources. Finally the chapter concludes with the introduction of the conceptual, scientific 
and usefulness criteria that are used to evaluate the artefact later in Chapter 6. 
 
The next chapter details the approach for design and development, to complete the two 
stages involving data collection and analysis, and synthesis of the contribution for 
development of the configurable process model for airport passenger flow. 
 
4. 
4.1. 
The previous chapter describes the research design for developing the artefact as the main 
contribution of this project. This chapter explains the approach taken to develop the 
artefact, which takes the form of 
guidelines for developing a configurable reference model”. 
 
The two stages involved in producing the artefact, introduced in Chapter 3 Research Design, 
enable the 
independent of the domain
rather than 
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4.2. Approach
This section describes the steps taken to develop the artefact according to the research 
design, and make
to develop a configurable reference model
after being applied successfully in this 
next chapter, while
 
The approach is proposed as a 
yielded successful outcomes 
the approach is depicted as a sequence of BPMN activities
roles and data objects are not fixed
applied. The first stage of the 
airports, and the second involves all airports concurrently.
  
4.2.1. Normative 
The diagram below summarises how data capture and analysis has been conducted in this 
study, shortly followed by a description of all the 
 
 
 
Each process model that is produced 
aspects of the processes
• Actions 
o Activities: Steps involved in the work.
o Events: Start and end points to depict triggers and outcomes of activities.
o Control flow: Order of
o Granularity: How to best summarise, cluster and break down activities.
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• Inputs and outputs  
o Business objects: Entities transacted, consumed or generated by activities 
o Business rules: Principles and rules based on which business is conducted 
o Information: Verbal, visual or implicit communication between interacting 
roles and activities 
• Roles: Socio-technical performers of activities as organisational entities/staff/systems 
• Resources: Physical, technical or conceptual tools enabling completion of actions 
 
Stage 1: Step 1 Prepare electronic modelling tool and conventions 
An appropriate modelling notation is selected based on the audience and intended use of 
models. An appropriate modelling tool is selected based on its ability to cater to the desired 
modelling notation and modeller requirements. This tool is then adapted or customised to 
suit the visualisation needs. Alongside this, modelling conventions are established to ensure 
consistency in modelling style. 
 
 
Stage 1: Step 2 Capture process models 
This step involves data collection through different channels discussed in section 3.2.3, e.g. 
interviews and collecting evidence from documentation (Dumas et al., 2013). 
 
 
Figure 13. Capture process models 
 
Stage 1: Step 2.1 Capture secondary data 
Before building the knowledge repository of the process models to be developed, a 
background understanding of the selected domain process is acquired from secondary data 
sources and academic or professional literature for an initial understanding of the process.  
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Stage 1: Step 2.2 Conduct overview workshop 
Once the modeller has been introduced to the domain, an overview workshop is held with 
senior management to: establish buy-in and expectations; identify domain experts to be 
interviewed; and scope and define the process to be modelled in the form of the value 
chain steps to determine where the process is considered to start and finish. 
 
Stage 1: Step 2.3 Conduct walkthrough 
Domain expert engagement is established, and data collection starts with either a verbal or 
physical systematic walkthrough of the typical passenger scenario (Maiden, 1998) through 
each value chain step from the start of the selected process till its logical conclusion, to 
understand the overall process and gain an overview of involved steps. In doing this the 
modeller can initiate process discovery discussion based on secondary data.  
 
Stage 1: Step 2.4 Conduct interviews 
Personnel from the identified roles are interviewed as described in section 3.2.3 for each 
value chain step in order to acquire details for process model development. Information 
about the activities sequence, events, roles, resources and documentation involved is 
elicited, further insight into which is derived from studying business object examples or 
observing the process further. 
 
Stage 1: Step 2.5 Conduct participant observations 
During the modelling exercise, the modeller observes the As-Is process as it is executed. 
Passengers and operators are observed at each value chain step to check the extent to 
which the process occurs as described by the domain experts, with whom any discrepancy 
is discussed, and the agreed result captured in the process. Checking whether the reported 
As-Is process is accurate adds another layer of verification regarding semantic correctness. 
 
Stage 1: Step 2.6 Develop models  
As the description of the process is elicited, capture of the process models commences in 
the modelling tool. While developing the models, the process modeller needs to ensure 
syntactic, semantic, and pragmatic quality (Dumas et al., 2013; Reijers, Mendling & Recker, 
2010). 
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Stage 1: Step 3 Verify and validate process models 
After the models are completed, they are verified to ensure correctness, and validated with 
the domain experts. Details about how it is ensured are explained in Chapter 6. 
 
 
Figure 14. Verify and validate process models 
 
Stage 1: Step 3.1 Validate models 
Validation is obtained from domain experts who provided the data by getting feedback 
from them regarding the extent to which the model reflects reality, as part of the model 
correctness check, and can take the form of one-on-one interviews or group workshops. 
Each domain expert is taken through the logic, and asked to correct if any part is 
incongruous. 
 
Stage 1: Step 3.2 Make corrections 
Based on the feedback provided by the domain experts that are approached corrections are 
made to the process models. Corrected models are sent to representatives for validation. 
The cycle repeats until the models are declared valid. 
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Stage 1: Step 3.3 Check syntactic quality  
Syntactical compliance with the notation specifications is checked to ensure correct and 
consistent use of terminology and symbols. Where possible, a third-party review is 
conducted to maximise objectivity. 
 
Stage 1: Step 3.4 Check semantic quality  
Semantic quality refers to the extent to which the model accurately depicts reality. Control 
flow and associated objects are checked against notes and any audio recordings of 
interviews or relevant documents to ensure that the model describes the process correctly 
and has as adequate detail to avoid ambiguity or logical inconsistencies.  
 
Stage 1: Step 3.5 Check pragmatic quality  
Pragmatic quality refers to usability and ease of use of the model. The model should be 
intuitive and easy to read. It should have minimum inconsistency in representation and 
should be minimalistic in terms of symbols used to reduce complexity - thereby balancing 
pragmatic quality with semantic quality. 
 
 
Stage 1: Step 4 Communicate models  
On completion of quality checks, validation and documentation, the process models are 
communicated to the domain expert by appropriate means and stored in the “Apromore” 
repository as inputs to the configurable reference model described in the next stage. 
 
4.2.2. Normative guidelines for Stage 2: Configurable reference model 
The process models for each airport discussed in the previous chapter are prepared and 
integrated, and the resulting differences and similarities in the model structure between 
each case study are identified. The contextual factors behind the differences are derived, 
using data collected from follow-up validation interviews – this derivation is explained in 
more detail section 4.3.2. They are used to establish a set of questions and answers or 
“facts” that map to the model via the differentiated branches from the integration and are 
used as a basis of selection in the configuration of the final model.  
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In order to do this, a questionnaire model is made based on dependencies across questions 
and facts, by means of a notation and Boolean operators, as summarised in Table 4, using 
the Questionnaire Designer software. 
 
Table 4. Notation for constraint definition summarised from (La Rosa, Aalst, et al., 2009) 
NOTATION MEANING 
fn 
Fact #n 
A fact is an available option that can be selected in order to answer the question 
posed in the questionnaire.  Two or more facts correspond to any given question in 
the questionnaire. The letter n is a placeholder for the unique number identifier for a 
specific fact in that particular questionnaire file.  
E.g. two facts corresponding to a specific question may be called f1 and f2 
xor 
Exclusive OR 
An exclusive OR condition is a decision point where out of all facts or answers 
available, only one can be selected. It corresponds to the XOR gateway in the BPMN 
configurable model. The decision points used to define the constraints in the 
questionnaire correspond specifically to the variation points. In the questionnaire it 
displays the radio button to the user.  
E.g. a question that only allows one fact to be chosen as answer will use:  xor(f1,f2) 
. 
AND 
An AND condition indicates that the expressions on either side of the condition must 
be processed. It is represented by a dot “.” and provides the grammatical conjunction 
functionality to the constraints in the same way that the word “and” provides in a 
linguistic sentence. 
E.g. if the questionnaire has two sets of questions and facts, the total constraints 
defined may look like: xor(f1,f2).xor(f3,f4) 
+ 
OR 
The OR condition mimics the inclusive OR in BPMN diagrams, and also corresponds to 
the OR gateways that are variation points. The symbol is of a plus “+” and represents 
a selection of one or more facts. It allows a set of checkboxes to be displayed to the 
user for selection. 
E.g. if more than one fact can be selected for a question the constraint is: (f1+f2+f3) 
=> 
Dependency on fact 
Where a question is dependent on the selection of a previously chosen fact, this 
implication condition is used by placing “=>” before that fact. 
E.g. if f2, then the next answers presented in a question are f3 and f4: xor(f3,f4)=>f2 
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Dependency on question
A question can be 
an arrow with a dotted line or a solid line, respectively. A partial dependency occurs 
where a question depends on two or more of the questions, where at least one has 
already been answered, after which the dependent qu
questionnaire. A full dependency occurs where a question depends on one or more 
other questions, where every preceding question must be answered before the 
dependent question is presented. 
 
As a result of identifying these cons
generated for the user. It presents 
answers via either a check box in the case of more than one possible answer, or radio 
button for where there is on
 
To provide this level of functionality, t
 
 
 
Stage 2: Step 1 
The first task is to integrate the 
the value chain. This task requires clearly distinguishing the similarities in the model 
structure from the difference
differences are managed by introducing variation points followed by each variant branch. 
The result is a merged model depicting variation points to show differences between case 
studies for those model segments to be made configurable. The guidelines for merging 
described in Chapter 2 are applied here. 
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partially or fully dependent
 
traints in the questionnaire model, a questionnaire is 
one question at a time to be answered by selecting 
ly one choice. 
he configurable reference model is made
Figure 15. Developing a configurable reference model
Merge process models 
process models across all the airport cases for each step of 
s. Similarities are integrated into consolidated pathways, and 
 
Stage 1 Data capture 
and analysis of 
individual organisations
Stage 2 Producing a 
cross
configurable model
 on another question, represented by 
estion is presented in the 
 as follows
 
 
 
-organisational 
:  
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The steps involved in merging are as follows: 
 
 
Figure 16. Raw merge of original process models from individual case studies 
 
 
Stage 2: Step 1.1 Construct integrated value chain diagram 
The merge is conducted using a top-down approach through the hierarchy of process 
diagrams. As a first step, the value chain diagrams from the process models of all case 
studies are compared with each other. The new integrated value chain model is derived by 
combining identical value chain steps into a single step and using a gateway to split non-
identical steps from different case studies as branches of that gateway. The outcome of this 
step focuses the merge effort on common value chain steps while ignoring ones that are 
unique to one case only. 
 
Stage 2: Step 1.2 Identify similar diagrams 
For each common value chain step, similar process models are identified and grouped 
together into sets. Each set is checked to find semantically identical activities (Dijkman et al., 
2011; La Rosa et al., 2010; Yan et al., 2010), and this is repeated until every value chain step 
has been checked for similarities to the last level of detail. 
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Stage 2: Step 1.3 Ascertain adaptation to canonical notation 
Any models made in the extended version of BPMN need to be converted into canonical 
format (La Rosa et al., 2013). Canonisation involves converting the models from “native 
format” into a strict form of BPMN to store in the Apromore repository for application of 
the required software tools to process them for configuration (La Rosa et al., 2011). This 
activity identifies any models that do not conform completely to the BPMN 1.2 specification 
for canonisation a few steps later. This is required until such time that more advanced 
software is available for model configuration for extended symbol sets. 
 
Stage 2: Step 1.4 Develop convention for merged model notation 
An appropriate convention needs to be established for conversion from the native notation 
to canonical notation for the new merged model. The new convention has to be compatible 
with the technology that is used to configure the model. Once the convention and notation 
adaptations have been finalised, the process of developing merged models can commence. 
 
Stage 2: Step 1.5 Merge and canonise selected value chain and corresponding diagrams 
Each set of similar models is analysed and compared, using the model merging guidelines 
from literature. These guidelines are adopted from Dijkman (2007), Dijkman et al. (2009) 
and Dijkman et al. (2011) to identify similarities and differences:  
• Node matching (labels and attributes) – in names of activities and events 
• Structural matching (topology) – in control flow and branches 
• Behavioural matching (execution semantics) – in business logic 
Homogeneity of terminology across models is also checked and amended as part of the 
merge (Mendling, 2012). During this merge activity, each model is converted to its 
canonical format, and drawn in the editor Signavio. As the model comparison is carried out, 
each object that finds a match across all the diagrams is considered a similarity. If a process 
section from one diagram does not match the other diagram, either by virtue of object type, 
label, or position in the control flow, it is marked as a difference. If, however, a difference is 
clearly the result of modelling style such that it can be addressed by a minor syntactical 
change while remaining semantically identical, it is considered a similarity. Similarities are 
consolidated into a single control flow in the merged model, while differences are captured 
using a gateway split followed by the diverging branches where each branch captures the 
scenario for each different case. 
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Stage 2: Step 1.6 Identify and label any control flow variants 
Clear differences across the diagrams of the multiple cases in the syntax and semantics are 
considered as variants in the control flow, whether the activities therein are different, 
conspicuous by their absence or presence, or simply ordered differently. Appropriate 
BPMN gateways are introduced as variation points and diverging control flows become 
variant branches to indicate where the individual cases/airports differ. Once the control 
flow variation points have been correctly identified, they are labelled with a unique 
identifier and the variant branch is appropriately annotated in the diagram with names of 
the different cases. An Excel spread sheet can be used to keep track of the variation points.  
 
Stage 2: Step 1.7 Identify any variants of object types 
Differences across the diagrams that exist in objects types other than activities need to be 
identified, such as pools/swim lanes, data objects, or even the groupings introduced to 
represent locations. These are engineered or accommodated as control flow variations, as 
the configuration theory and software used work on the basis of control flow.  
 
Stage 2: Step 1.8 Determine whether inconsistencies exist across original diagrams 
Any syntactic or semantic inconsistencies need to be identified where they occur across 
one or more diagrams describing the same section of the process, or in usage of the 
notation, for instance if activities are perceived differently by domain experts in the same 
role from different organisations.  
 
Stage 2: Step 1.9 Manage semantic and syntactic inconsistencies 
Where possible, inconsistencies are resolved by checking written or audio records of 
interviews or contacting each domain expert who contributed to the original models. If this 
is not possible, then a considered judgement is made by the modeller to adjust this in the 
merged model based on domain understanding, and this assumption is documented. 
Resolving inconsistencies in sections of the process models can require amendments to 
similarities or differences identified. For example, an instruction to passengers for the 
security step and filling the Outgoing Passenger Card in check-in was originally included by 
airline domain experts at only some airports and resolved later as common to all. The most 
correct version is identified by consensus and used for the model. 
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Stage 2: Step 1.10 Manage diagram elements for pragmatic quality 
On integrating different activities, the merged model can expand due to the addition of 
activities that are not common across case studies. As the control flow grows in size, the 
process modeller reassesses the distribution of activities across levels of detail and move 
sections of the control flow to improve pragmatic quality.  
 
 
Stage 2: Step 2 Derive contextual factors 
Section 4.3.2 provides a full explanation of contextual factors derivation, and the diagram 
below summarises the first part: 
 
 
Figure 17. Derivation of contextual factors for variation points 
 
 
Stage 2: Step 2.1 Add configurability to control flow variants in model editor 
Using a dedicated checkbox attribute in the modified version of Signavio, each variation 
point is marked as “configurable” to distinguish from the rest of the non-configurable 
gateways. The branches emanating from the variation point splits are labelled with the 
specific context conditions that later enable configuration to occur.  
 
Stage 2: Step 2.2 Identify potential contextual factors from model variations 
The primary method for identifying potential contextual factors is the analysis of the 
variation points. The domain experts (specifically the project champion for each case) are 
later interviewed in Step 3 in an investigation of the reason behind the differences in 
process model structure, which for the moment are inferred by the researcher. Every 
variation point is analysed and interrogated to identify all relevant contextual factors. This 
step is performed in conjunction with a study of other possible sources of information.  
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Stage 2: Step 2.3 Identify potential contextual factors from literature 
Possible factors associated with differences in the process are explored in a broad selection 
of industry literature and books (see Chapter 2 Literature Review), specifically related to 
the domain process being investigated, but independent of the case organisation. 
 
Stage 2: Step 2.4 Identify potential contextual factors from high level comparison 
A high level comparison is made across all cases. This is used to contribute to the 
investigation into finalising actual contextual factors in the interviews with the domain 
experts during analysis of the variation points mentioned in an earlier step. 
 
Stage 2: Step 2.5 Finalise list of potential contextual factors 
A consolidated list of potential contextual factors is compiled from each of the sources 
discussed, and checked for redundancies. This list is used while attempting to match the 
variation points to the likely contextual factor in order to derive inputs to the questionnaire 
model, as described next. This list contains factors belonging to the scope of context 
indicated in the adapted onion-model in Chapter 2 Literature Review. 
 
 
Stage 2: Step 3 Derivation of questions and facts 
Variation points are investigated and matched to potential contextual factors through 
interviews with the domain expert. This enables the derivation of a question and its 
answers, or "facts", corresponding to the actual contextual factor for each variation point.  
These questions and facts are used as inputs to the questionnaire model in the last step. 
 
 
Figure 18. Derivation of questions and facts 
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Stage 2: Step 3.1 Investigate control flow variation point 
After the merge is complete, every variation point compiled is validated with the domain 
experts to ascertain whether differences exist in reality, and its branches are analysed to 
ascertain whether the difference is contextual or incidental. A contextual variation is one 
that can be assigned a contextual factor, while an incidental variation is not associated with 
a contextual factor, and so can be removed from the list, as explained in section 4.3.2. 
 
Stage 2: Step 3.2 Match variation point to potential contextual factors  
Probable reasons for the differences across organisations for a variation point are discussed 
with organisational representatives resulting in the assignment of one contextual factor to 
each variation point. Ideally, efforts are made to identify any further source of data to 
resolve inconsistencies in the opinions of different representatives, to maximise accuracy.  
 
Stage 2: Step 3.3 Modify list of contextual factors  
If an appropriate contextual factor has not yet been identified, then an amendment is made 
to the set of factors so far, on further confirmation with the domain expert most relevant 
to the process segment in question. This adding of new factors and removal of unmatched 
ones is the finalization of the actual contextual factors. 
 
Stage 2: Step 3.4 Articulate actual contextual factor as question and corresponding fact 
Each contextual factor established as correct is then articulated as a question and each 
question is assigned two or more facts for the user of the questionnaire to select from.  
 
Stage 2: Step 3.5 Remove configurability from variation point and correct models 
In the process of verifying variation points with domain experts, if it is found that a 
variation point is a result of the incidental difference as opposed to a true contextual one, 
the configurable attribute for that gateway is de-selected in the adapted model editor. Such 
adjustments and corrections are made as a result of investigating the reasons behind the 
difference. If semantic inaccuracies are found, they are corrected. In addition, all related 
diagrams are amended in the merged models well as the original models. 
 
Stage 2: Step 3.6 Ascertain whether all variation points are managed 
The analysis is repeated for every variation point until all unique questions are articulated. 
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Stage 2: Step 4 Verify merged model 
The modeller performs a final review and verification for logic of all the inputs into the 
questionnaire model, to ensure that it reflects reality as accurately as possible based on the 
opinions of the domain experts. The model is reviewed with specific focus on the variation 
points, to confirm that the existing splits and related questions are adequate for capturing 
the context. If needed, the control flow can be further split into variation points or removed 
to consolidate the segment as a similarity. Any final checks are made to ensure that the 
contextual factors identified as reasons underpinning the variations are accurate as far as 
possible, and the articulated questions and facts are correct. The syntactic, semantic and 
pragmatic quality of the merged model is reviewed in this final pass, and any required 
corrections are now implemented.  
 
 
Stage 2: Step 5 Develop questionnaire for configurable model 
Now that questions and facts are finalised, their relationships with respect to each other 
and the process model need to be established.  
 
 
Figure 19. Develop questionnaire for configurable model 
 
Stage 2: Step 5.1 Map case studies to facts 
Tables in an Excel file are used to track the mappings between each fact and airport case. 
Completing this activity assists the identification of dependencies between variation points.   
 
Stage 2: Step 5.2 Identify dependencies between variation points 
On tracing the merged process model, in some cases a variation point is encountered only if 
a specific branch from a previous variation point has been followed. This needs to be 
captured as it in turn enables identification of dependencies across questions and facts 
need to provide an efficient sequence of questions to the user to ensure that repetition in 
the questionnaire is avoided. 
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Stage 2: Step 5.3 Order questions according to dependencies 
On identifying the correct dependencies, questions are ordered according to their 
respective occurrences in the sequence of the control flow. 
 
Stage 2: Step 5.4 Develop questionnaire model 
Once the questions and corresponding facts have been identified, the relationships across 
them are defined in the Questionnaire Designer tool. Dependencies between facts are set 
by defining relationship constraints (La Rosa, Aalst, et al., 2009) using the notation in Table 4 
(at the start of this sub-section) to structure the questionnaire. Dependencies between 
questions and facts are captured by the visualisation of the relationships between them. 
Finally the dependencies between questions (in terms of ordering) are captured using the 
arrows shown in Table 4. 
 
Stage 2: Step 5.5 Map questionnaire model to process model 
The final step is mapping each of the facts answering each question in the questionnaire 
model to one of the branches emanating from the corresponding variation point. This is 
done by using software called C-Mapper, which enables linking the questionnaire model to 
the process model. This mapping, along with the questionnaire model, is an input for the 
configuration component of the software.  
 
The questionnaire model determines the relationships between questions and facts, and 
provides an interface to the user. The mapping uses the answers of the user to hide and 
show branches in the process according to them thus generating a filtered configured 
model.  
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4.3. Extensions 
Two gaps have been found during the process of developing the artefact for the airports: 
representation of spaces with respect to processes while developing process models for the 
individual airports in Stage 1 of the study; and derivation of contextual factors to make the 
process models configurable in Stage 2 of the study. These gaps are discussed in literature 
review in Chapter 2. In addition to the normative guidelines, these two extensions are 
methodological contributions, namely: a space-sensitive process modelling approach with 
BPMN; and deriving contextual factors for process configuration 
 
4.3.1. For Stage 1: Space-sensitive process modelling with BPMN 
The notation used to model the passenger flow is BPMN 1.2, a global standard in process 
modelling. It is fully described in the standard specification document by OMG (2008). 
Extensions have been made to BPMN to incorporate additional symbols and conventions to 
accurately capture relevant spatial information. Feedback from domain experts in the 
airport domain confirms that a means to represent space in process models is both relevant 
and useful. Ergo, the process grouping symbol from BPMN is adapted to group activities 
that occur at a common “location”. To supplement the location, two types of activities are 
introduced, namely: movement activities between locations (displaying time and 
displacement gauges); and wait activities within locations to represent waiting time for 
customers or idle time for resources.  
 
Currently, the focus of domain of process modelling is on transactional work effort, and 
tends to abstract from the physical world and its constraints, even though the time, cost, 
and quality of the overall process can be affected by physical elements utilised to execute it. 
For example, if objects are obstructing a walkway, an airport passenger may take more 
time to get to the boarding area; poorly designed retail check-out counters may be 
conducive to customers sneaking out items without paying; or if a patient in a hospital 
needs to be rushed to surgery the distances and paths may have serious consequences on 
time taken to get there. Not having a means to capture space-relevant information in 
process models means excluding information that may be critical to the effectiveness of a 
process.  
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Current concepts in BPM already include the importance of space. A number of reference 
models, enterprise architectures and enterprise resource planning systems recognise 
locations. For example, TOGAF captures locations in terms of where business activities 
occur (The Open Group, 2012) and SAP describes functional locations with respect to 
operational activities (SAP, 2013). Some reference models refer to locations, for example 
SCOR describes the supply chain reference model with respect to suppliers and customers, 
in often geographically dispersed locations (Supply-Chain Council, 2008). Lean Management 
already uses the concept of elimination of non-value-add tasks, so called waste, for 
business process improvement, and many of these are related to spatial concerns. 
 
Table 5. Non-value-adding wastes as in Burton & Boeder (2003) 
WASTE CATEGORY DESCRIPTION OF NON-VALUE-ADDED WASTE 
Overproduction Producing more than as demanded by the customer. 
Waiting Waiting for the next process step to occur. 
Transportation Unnecessary movement of materials or information. 
Processing Excessive processing because of poor product or process design. 
Inventory Storing more than bare minimum. 
Motion Excess or unnecessary motion for anything: people, machines, materials. 
Defects Creating scrap, rework, or paperwork errors. 
Human Potential Failure to utilise the skills of people. 
 
The table above can be interpreted to refer to space-relevant organisational wastes in 
physical processes in the following ways: waiting of a resource occupies a physical space; 
transportation of people and physical resources in itself consumes resources and requires 
physical arrangements; physical space is used to store physical inventory; and motion of 
people and physical resources, similar to transportation, occurs between locations and 
needs to managed effectively. Visually representing spaces and related information where 
relevant, and clearly positioning them in process models highlights their importance and 
enables more holistic analysis and improvement of processes.  
 
Enabling the explicit capture of relationships between spatial design and the process in a 
process model - particularly origins, destinations and data related to traversing the spaces 
in-between - is important. It is therefore a concern that space does not feature explicitly in 
a prominent notation such as BPMN. To the best of the Author's knowledge, there is no 
process modelling technique currently capable of explicating such spatial requirements. 
A configurable airport reference model for passenger facilitation 
Page 67 
Benefits of representing space  
The following table utilises the Business Process Management Lifecycle stages (Becker et al., 
2011) to demonstrate how explicating space can benefit organisations: 
 
Table 6. Benefits of representing space in BPM Lifecycle 
LIFECYCLE STAGE BENEFITS OF REPRESENTING SPACE 
Identification 
Utilisation of a point of physical reference for As-Is process selection (e.g. 
the passenger departure process is considered to start at the entry to 
the airport terminal building, and end with the boarding gate) 
Modelling Ensuring completeness of model in terms of relevant physical objects 
Analysis 
Ability to include spatial criteria in the process analysis (e.g., blockages 
for way finding, distance between activities) 
Improvement 
Improved decisions regarding the effective utilisation of infrastructure 
and physical resources to address improvement priorities 
Implementation 
Provide a means of improving issues related to spatial optimisation, 
ergonomics and movement  
Execution 
Include spatial information in process guides, for example by locating 
actions in space (location-sensitive activities) 
Monitoring and 
Control 
Provide a physical reference point for performance-related observations 
(e.g. process throughput at a certain part of the process, in a bounded 
space) 
 
Space-sensitive activities require at least one of the following conditions met: 
1. The action is undertaken/accomplished in a specific physical space, where the 
capability to perform is dependent on the nature of space itself or its location;  
2. The action involves work that is physical/manual as opposed to virtual/digitised;  
3. The action needs physical resources or objects present with respect to the space;  
4. The action requires physical presence of either the object or the actor; or 
5. The action requires movement of either the object or actor, either to or from the 
physical location 
 
Space can be considered to be a resource variable for a given task. Space can be utilised for 
the task to be performed and it may then incur a cost as an overhead (e.g. shelf space for 
storing products, or leasing a building). As a resource, varying the attributes (e.g., size, 
access, location) of the space can affect the quality, performance and ease of execution of 
the process. Space efficiency is in itself an important infrastructure consideration, 
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particularly when space as a resource is costly or limited. Design of spaces uses physical 
elements including the intangible such as pathways and environment (e.g. lighting), and the 
tangible such as building elements (e.g. tables or pillars).  
 
Adaptation of BPMN for space sensitive modelling design  
Spatial location and related activities such as movement and wait provide the means with 
which to manage space as a resource variable. To guide the design the symbols, the design 
principles introduced by Moody (2009) of semantic transparency, visual expressiveness, 
dual coding, and graphic economy are applied – as described in section2.3. 
 
A “location” object is used to represent a specific space on the premises of the organisation, 
and encapsulates the position and orientation. As space can be considered as a resource, a 
location can be assigned the following attributes: 
• Location name: a label that is unique to each location; 
• Accessibility: mode(s), physical orientation, or access rights for accessing the location; 
• Position: relative position to other locations; 
• Capacity/dimensions: values assigned to indicate the size of the space; 
• Ownership: organisational entity with responsibility and accountability for the space; 
• Relation and function with respect to task: indicating whether the location is 
mandatory or optional to the actions that occur within, in other words whether the 
activities be performed independent of the location (associations may also be 
generated with both elements such as technology and roles); and 
• Importance:  to what extent it is critical that the task be completed within the location. 
• Granularity: hierarchy of areas with different sizes depending on the need (e.g. it can 
represent an area as large as an entire level, or a space as small as a single kiosk) 
 
The appearance and convention of use is the same as the BPMN process grouping object to 
depict the location object is used. It is a rounded rectangle positioned in a pool, and 
surrounds activities that occur at that physical location with a dashed line. In order to avoid 
construct overload for the reader from excessive constructs and symbols (Recker, Indulska, 
et al., 2006), an existing concept of the process grouping has been reused. As the existing 
grouping construct is non-specific in its semantics, it is considered appropriate to adapt as 
the location symbol.  
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Figure 20. Sample location symbol 
 
The repeated use of location-based terms by domain experts during the process modelling 
stage, and references to activities being performed in different physical areas is the 
motivation for this object is. As a result, locations are found to be a critical requirement in 
communicating the process models. Spaces and their locations have also been found to be 
important with respect to responsibilities of stakeholders, allocation of resources, as well as 
access management and ownership of assets in a multi-stakeholder environment. 
 
A “movement activity” is used to depict movements of passengers or physical objects from 
one location to another, utilising the concept of the location symbol as has been described 
earlier. The movement activity is similar in semantics to the regular activity in BPMN 1.2, 
with the difference that it captures movement within a pool from one location to another.  
 
The appearance of movement activity symbol is a boxed arrow pointing downwards, as 
shown in Figure 21, and the convention for use is similar to BPMN activities. This notation 
has been used to provide a transition between two locations in such a way as to make 
location transitions obvious to the reader. On either side of the boxed arrow is a gauge; one 
on the left hand side which represents average time taken to move (having a small clock 
icon underneath) and one on the right hand side which represents how far the person has 
moved on average (showing an icon with footsteps underneath).  The difference between 
this specific activity and other BPMN activities is that it can only be shown between two 
locations, and not within a location.  
 
 
Figure 21. Sample movement activity symbol 
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Attributes captured are the average displacement as well as the average movement time. 
The movement activity can contribute in process redesign to optimally leverage movement, 
in planning security operations, or addressing modes of movement and convenience with 
respect to the experience. Having an understanding of movements can inform 
infrastructure design of the premises. The naming convention for the movement activity is:  
[Infinitive verb expressing movement] [+] [intended location], and can be appended with 
"from [location of origin]" 
 
A “wait activity” is used to show where an external actor or object is waiting for a result or 
internal resource i.e. to depict waiting time, a non-value adding state where time is 
expended. It can also represent a resource waiting for the actor or object, i.e. to depict idle 
time. Expended time is captured as an attribute of the activity.  
 
On conducting the modelling exercise at the airport it has been observed that at certain 
points in the process passengers need to wait within a location for an activity to complete, 
an event to occur, or for their turn in a queue. This has been found to be a commonly 
occurring "time sink" and represents bottlenecks that detract from the passenger 
experience, for purposes of improvement. Therefore an appropriate symbol has been 
chosen and successfully used in the case studies to represent this. This activity  
 
The appearance of the wait activity is a bi-directional boxed arrow representing non-
movement along the control flow. The time taken is shown as a horizontal gauge 
underneath the arrow, where the minimum, average and maximum times are shown, to 
capture non-standard variance for statistical distributions. The colour red has been chosen 
so that the symbol stands out to the reader as an undesirable activity. The convention for 
the wait activity is that is can be shown within locations and not between locations – in this 
way it is different to how the movement activity is used. The naming convention is: 
[infinitive verb depicting a wait] [+] [event or activity]. 
 
 
Figure 22. Sample wait activity symbol 
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The aim of this argument has been to impress the need to represent spatial sensitivity in 
BPMN notation, and accommodate symbols that represent locations, movements, and 
waits with respect to space. The symbols provided are used to model the process models 
for individual airports for the purpose of this project, and initial discussion with domain 
experts in the form of positive anecdotal feedback is an indicator of ease of use. Further 
design and evaluation activities are recommended to establish a formal inclusion to the 
specification. 
 
4.3.2. For Stage 2: Derivation of contextual factors for configuration 
Contextual factors, as explained earlier in the literature review in Chapter 2, are conditions 
within the context of a business process that may influence execution of the process, thus 
impacting the flow of activities, relevant events, involved roles, resources or data. The steps 
to derive contextual factors have been introduced earlier in the approach section 4.2.2 as 
the second and third steps in developing the configurable reference model from its inputs. 
The derivation commences in step 2 “Derive contextual factors” with the identification of 
potential contextual factors, and completes in step 3 “Derive questions and facts” with the 
refinement of the list and identification of actual contextual factors that are used later for 
configuration. Both steps are re-visited to explain how this is conducted.  
 
Before commencement of derivation, there needs to be a means of scoping and “framing” 
the investigation for a concept as broad as contextual factors. A classification of context 
scope has therefore been adapted from the “onion model” by Rosemann et al. (2008) as 
shown in Figure 3 and explained in section 2.5. Adaptations have been made to it in terms 
of the addition of the innermost layer of “supporting context”, as well as an important 
distinction between context that has long-term influence and short term influence. This 
distinction is important in terms of the application of the contextual factors to 
configuration: factors of short term influence are likely to be used for “run-time” 
configuration relevant to process execution, while factors of long term influence are 
intended more for “build-time” configuration relevant to process design. As the work in this 
project relates to configuration for process design, only contextual factors of long-term 
influence need to be identified.  
 
Having this classification on hand enables the researcher to shape the questions posed to 
the source of information based on the scope of the influence related to differences in 
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context, as the purpose of identifying the contextual factors is to find what is responsible 
for the differences in the process structure. Using the classification, multiple sources of 
information are analysed, ranging from more general to more specific, and the questions 
posed range from more general to more specific accordingly.  
 
Potential contextual factors can be identified from a number of sources, and the activities 
commence with the study of a variety of material to question each layer of the context 
scope to list potential long term factors, as explained in the normative guidelines for Stage 
2: Step 2 in section 4.2.2 and illustrated in Figure 17. Sources include academic and industry 
literature (the most general source), a high level comparison of the organisations whose 
processes are to be made configurable, and the examination of variation points within the 
merged model (the most specific source). Having used the classification to appropriately 
investigate these sources of information yields a broad list of possibilities that needs to be 
refined and made relevant during the next step. 
 
Actual contextual factors constitute the modified subset of the potential contextual factors 
most relevant to the specific cases for which the variation points have been identified and 
need to be made configurable. This is done through further investigation of the variation 
points with the domain experts, following a line of reasoning as shown in Figure 23. 
 
 
Figure 23. Reasoning out of control flow differences 
 
Focussing on each variation point, the relevant domain expert is interviewed to first 
ascertain whether the identified difference is valid. If the difference is not valid, it is 
possible that the inconsistency comes from the domain expert or the modeller – in either 
Difference in 
model
Valid difference 
Contextual 
variation
What are the 
contexts?
Incidental 
variation
[variation point is 
removed]
Invalid difference
Client 
inconsistency in 
original models
Which flow is 
closer to fact?
Modeller 
inconsistency of 
representation
Which flow is 
logically more 
consistent?
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case the reason behind the error is identified, rectified and the variation point is removed. 
If the difference is valid, then the researcher needs to ascertain whether it is a true 
contextual variation, or an incidental variation and not the result of a particular contextual 
association. Variation points that are contextual are then matched with the most probable 
contextual factor - a claim for certainty is not made as the derivation is a result of the 
closest assessment of the domain experts interviewed. This step is expanded in the 
normative guidelines for Stage 2: Step 3 in section 4.2.2.  
 
Each contextual factor derived for the purpose of process configuration caters to specific 
scenarios related to the differences in the process model. Each factor is used to assign 
questions and their corresponding facts (answers) to a variation point. To this end, the each 
question inquires as to which fact holds true in a desired scenario, and the user selects the 
answer to that question from the options provided. When making the model configurable, 
a software program “C-Mapper” allows each question to be mapped to a variation point in 
the model and its facts are mapped to the relevant branches from that variation point.  
 
 
4.4. Project effort 
This section sets the scene for the work done in this project based on the aforementioned 
approach to produce the results in the next chapter. Both stages of the approach explained 
in section 4.2 are conducted for the selected airports. BPMN is the selected notation for 
this project, as discussed earlier in Chapter 2 Literature Review. Casewise Corporate 
Modeller is the editor for the individual models due to ease of customisation of BPMN to 
include symbols for representing space-sensitivity (see section 4.3) and temporary 
adaptations used for brevity called “interaction activities” - explained in the notation guide 
provided in Appendices A2 and A3. The merged models are created in the modified editor 
Signavio, as mentioned in section 3.3 Research requirements. Model quality has been 
ensured during the project and its evaluation is explained in detail in Chapter 6. 
 
At each airport, the key domain expert also championed the project as the liaison with the 
managerial representatives of other involved organisations, and facilitated the engagement. 
The results from conducting the activities are provided in the next chapter, and Table 7 
shows the effort involved in conducting them to complete the engagement. The total 
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number of contact hours have varied based on availability, complexity of the process and 
an increasing familiarity of the researcher with the subject matter over time.  
 
Table 7. Summary of domain expert engagement 
AIRPORTS INTERVIEWS INTERVIEWEES 
INTERVIEWS 
(HRS) 
OBSERVATION 
(HRS) 
Brisbane Airport 24 10 67 28 
Gold Coast Airport 10 5 29 12 
Perth Airport 9 7 25 9 
Rockhampton Airport 7 5 18 9 
Melbourne Airport 15 7 26 14 
TOTAL 65 34 165 72 
  
 The names of the roles of the 34 interviewees in Table 7 from the organisations 
representing each stakeholder group at each airport are provided in Table 8, on the 
following page. While operational roles were interviewed across the process for other tasks 
in the complete engagement, primarily managerial domain experts were interviewed for 
the modelling and contextualisation that contributed to the final reference model.  
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Table 8. Positions of interviewees 
STAKEHOLDER 
GROUP 
BRISBANE GOLD COAST PERTH ROCKHAMPTON MELBOURNE 
Airport 
• Terminals Facilitation 
Manager 
• Terminals Operations 
Manager  
• General Manager 
Operations  
• Manager Terminals & 
Stakeholder Relations  
• General Manager 
Commercial & 
Terminals  
• Terminal Operations 
Manager  
• Manager Terminals & 
Landside Operations  
• Terminal Projects 
Manager  
• Airport Operations 
Manager 
• Airport Commercial 
Manager  
• Operations Supervisor  
• Terminal & Ground 
Transport Manager  
• Assistant Duty 
Manager  
Security (ISS) 
• Contract Security 
Manager – ISS  
• Contract Security 
Manager – ISS  
• Security Operations 
Manager  
• Contract Security team 
leader - ISS  
• Terminal Security 
Manager  
• Aviation Contract 
Security Manager – 
ISS  
Customs 
• Manager Passenger 
Facilitation  
• Director Passenger 
Facilitation  
• Director Airport 
Operations  
• Manager Operations 
(x2) 
• Manager Operations  
• Manager Airport 
Operations  
• On duty officer  
• Manager Clearance 
Airport Operations  
Airline/ 
Ground 
handling 
services 
• Airport Operations 
Manager - Air New 
Zealand  
• Regional Airport 
Manager Northern - Air 
New Zealand  
• Regional Airport 
Manager Southern - Air 
New Zealand  
• Airport Operations 
Manager - Air New 
Zealand  
• Contract Manager – 
Tolls Dnata  
• Airline Operations & 
Safety Charter Manager - 
Air New Zealand  
• Special Projects Senior 
Manager – Safe2Travel 
(Singapore)  
 
• Regional Airport 
Manager Southern - 
Air New Zealand  
• Passenger Services 
Manager - Menzies  
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4.5. Chapter summary 
The previous chapter described how the research is based in design science in order to 
produce an artefact, and this chapter described how the artefact is actually developed. The 
steps taken were generalised and described using industry-independent terminology, 
though every step was tested in this research project. In the first stage of the study, process 
modelling commenced based on data collected through various means from the airports, 
using an appropriate notation and tool selected according to factors such as the intended 
audience and use. Once good quality models were developed, they were validated and 
communicated to the domain experts, and also stored in a repository as inputs to 
commence the second stage. The individual process models were integrated into a merged 
model, and points of variation defined therein. Once this was done, these variations were 
investigated to derive contextual factors, leading to the development of a questionnaire 
model, and finalised by mapping the questionnaire to the process model. Each of these 
outputs is described as a component used to produce the final artefact of the configurable 
airport reference model in the next chapter on results. 
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5. Results 
5.1. Chapter introduction 
The diagram below shows the different components of the artefact developed through the 
approach described in the previous chapter, as well as how they relate to each other to 
produce the final artefact of the configurable airport reference model: 
 
 
Figure 24. Components of the configurable airport reference model 
 
The first component developed is the set of process models from five airports. The models 
are merged (via “combination A”) and this merged model is marked to clearly indicate 
points that vary across the airports, called variation points. The findings from literature 
support the next analysis performed (“analysis B”) by interviewing the stakeholders to 
identify reasons behind the variation points in the process models, thereby deriving the 
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relevant contextual factors. The contextual factors and variation points in the merged 
model are matched appropriately (“analysis C”) to create a questionnaire model with 
appropriately depicted dependencies between questions and their “facts” (answer options). 
The questionnaire model and merged model are then analysed (“analysis D”) to correctly 
map the facts to the branches that emanate from the variation points. The components 
resulting from analyses C and D are then combined (“combination E”) with the merged 
model to provide the final artefact. The questionnaire model is used to generate a 
questionnaire interface and takes the selections of facts as user input. The answer 
selections are processed based on the mapping to “hide” branches that do not correspond 
to them, and the remaining configured “individualized” model is generated for the user. 
Each of the components in Figure 24 is described next in this chapter. 
 
 
 
5.2. Individual airport process models 
Process models produced in this work provide end-to-end visibility regarding exactly what 
happens, how, and who/what is involved during facilitation. They are based upon data 
collection from interviews, workshops, and observed and documented evidence (Dumas et 
al., 2013). The previous chapter described Stage 1 of this research, which has resulted in a 
set of international departure process models for five individual Australian airports - or 
"cases" as they are called from this point onwards. The intent of this project is to develop a 
reference model for the passenger process and therefore the unit of analysis is the process 
itself. Process models are used to clearly articulate the passenger and roles they interact 
with, as well as all the steps involved.  An overview workshop with senior management of 
one airport following an initial walk-through at the start of the project, an airline, and 
Customs resulted in the value chain diagram below:  
 
 
Figure 25. International Departure value chain steps 
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Detailed interviews have been performed with domain experts for each value chain step, 
for which the corresponding stakeholders are as follows:  
• Entry and security: Airport champion and security contractor representatives 
• Check in and boarding: Air New Zealand and ground handler representatives 
• Customs outwards processing: Australian Customs and Border Protection Agency  
• Discretionary activities: Airport champions managing service/retail facilities on-airport.  
 
Each value chain step is a major component of the process starting at the terminal doors, 
and ending at the point the passenger leaves the terminal building to board the plane. Blue 
value chain steps represent mandatory parts of the process, while the orange steps 
represent the discretionary parts that are not mandated to the passenger.  
 
Terminal entry begins from the point passengers walk through in the doors and navigate to 
check-in. Check-in involves verification that the passenger has correct booking details, 
confirming the baggage of the passenger to be brought on board, and that they have the 
right to fly. Security begins as the passenger queues to pack Liquids Aerosols and Gels 
(LAGs) to pass under the metal detector and has hand baggage screened by the security 
operators to be cleared to enter the sterile, or restricted, area. Customs outwards 
processing ensures that the passenger has complied with the regulations associated with 
exiting the country, that the passport is in valid, and that the passenger is allowed to leave 
the country. Boarding verifies that the passenger has the right to board and that the correct 
passenger is being brought on the plane.  
 
Activities such as bag wrapping and shopping are performed at the discretion of the 
passenger - hence called “Discretionary activities”. Each step drills-down further into a 
more detailed diagram. No more than three levels of diagramming have been used to 
capture international departure.  
 
The complete resulting model for one airport case is provided in Appendix A1, and selected 
examples are in Figure 26, which is an example of a boarding activity at the third level of 
the model hierarchy. It describes an interaction between an airline representative and a 
passenger at the boarding gate, after the boarding announcement has been made and 
passengers start to queue up for processing.  
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Figure 26. Example "Undergo boarding checks" process model 
 
The process in Figure 26 begins as the passenger approaches the counter where the 
boarding operator is positioned. The operator starts performing boarding checks, where 
the sequence is shown by the message flow pointing towards an adapted “interaction 
activity” depicting an exchange of documents between the passenger and the boarding 
operator. This activity shows that the passenger provides their boarding pass and passport 
to the operator, who checks the documentation and returns it to the passenger. Following 
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this check, the boarding operator determines whether any issues exist regarding the 
passenger's right to fly, represented by the XOR gateway. If no issue exists, the operator 
allows the passenger to pass and directs them where to go, and a passenger without any 
special needs continues on their own to board the aircraft, whereas a passenger with 
special needs is provided assistance by an operator. If, however, an issue exists, the 
passenger is notified by the operator who then attempts to resolve it. If the issue is 
resolvable, the passenger proceeds to resolve it and the boarding operator once again 
checks whether all is in order. If the issue is not resolvable, the passenger is not allowed to 
continue and is offloaded, i.e. the luggage is removed from the plane and passenger is not 
allowed to board. The “interaction activity” symbol mentioned earlier is introduced for the 
sake of diagrammatic conciseness to succinctly summarise multiple interactions. This was 
done only at the most detailed third model level to represent a sub-process with 
participants passing business objects or information between them. This was reported as 
easy to understand by readers of the process model, with the assistance of the notation 
guide provided in Appendices A4 and A5. This is used to increase the pragmatic quality of 
the model and is not proposed as a change to BPMN notation. It is converted into standard 
BPMN 1.2 objects in the canonised model. Modelling of the process revealed inputs, 
outputs, roles and resources as shown in Table 9. 
 
Table 9. Overview of the process model at one airport 
INPUTS OUTPUTS 
• Identification 
o Passport (with visa where necessary) 
o Ticket/e-ticket/booking reference 
• Belongings 
o Carry-on/personal effects (at security) 
o Hold luggage 
o Excess luggage docket and payment  
• Exit control 
o Outgoing passenger card 
o Cross-border movement documents  
o Border-negotiable instrument documents 
• Special items 
o Tourist Refund Scheme dockets  
o Medication/baby food/special/permits 
 
• Identification  
o Passport (with visa where necessary) 
o Boarding pass 
• Belongings  
o Bag tag(s) 
o Bag tag receipt(s) 
o Excess luggage docket and receipt  
o Carry-on/personal effects (at security) 
• Exit control 
o Outgoing passenger card 
• Special items  
o Tourist Refund Scheme stamp  
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• General information entities 
o Flight information/ itinerary 
o Airline fare and luggage rules/restrictions  
o Airport information 
o Queuing and way-finding information 
o Signage/brochures/website 
o Security information/measures/ 
regulations 
o Explosive test consent form 
o Liquids Aerosols Gels regulation 
o Customs and Immigration 
information/rules 
• General information entities 
o Responses/acknowledgments/consent 
for check in, security and customs 
questions 
o Verbal, visual or written guides and 
instruction 
 
ROLES RESOURCES 
• Airline  
o Check-in operator 
o Boarding operator 
o Customer service staff 
• Airport (asset manager) 
o Volunteer 
o Duty staff  
o Customer service staff 
• Security  
o Operator 
o Supervisor 
• Customs  
o Officer  
o Team lead 
 
• Technology/materials 
o Trays/trolleys/conveyer belts and other 
transportation mechanisms  
o Transparent LAGs 
o Magnetic/x-ray screening equipment  
o Flight Information Display 
o Explosive Trace Detection equipment  
o Printing equipment 
o Boarding pass scanner 
o Weighing machine 
• Key systems 
o Government PACE system  
o Departure control and reservation 
systems 
• Spaces 
o Terminal entry 
o Check in counter 
o Customs and Immigration counter 
o Security area 
o Boarding area 
o Dwell areas 
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Space-sensitive use of BPMN 
The following examples show the proposed changes to BPMN. The top-down segment in 
Figure 27 below, in extended BPMN notation, has been taken from the “check in” value 
chain step of the passenger facilitation process at the airport. A passenger starts the check-
in process by identifying the appropriate check-in row, while in the terminal entry area, in 
order to then proceed to the appropriate row. Once they enter the check-in queues as 
either regular or premium passengers/travellers, they get through queuing (the red bi-
directional wait activity) in different average times to proceed further. The Internet check-
in passengers rarely queue at all. As can be seen in the grouping object used to represent 
the locations, the white boxed arrow in direction of the control flow between two locations 
shows the movement of the passenger, and the bi-directional red boxed arrow shows the 
passenger is queuing. 
 
 
Figure 27. Airport example - space 
 
This representation can be used to support efficiency and way-finding. The spatial 
juxtaposition of process elements to each other, and to the space around them, provides a 
richer analysis environment to understand the temporal context of each task. Idle times 
and movement times are clearly visible without having to scrutinise the diagram. Non-value 
adding waiting times experienced by the passenger can be utilised, for example, to prepare 
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them for the process ahead. Minimizing movement is an important aspect of airport 
planning (Ashford et al., 2011) for the effective operation and management of the airport 
asset. Passenger movement can be minimized through effective utilization of airport space, 
e.g. efficient gate assignment to optimizing passenger facilitation; or enabling the 
passenger to transfer between flights within a minimum connecting time. 
 
In the next section, the models are merged and prepared for configuration. This involves 
canonisation, so the space-sensitive objects are retained visually in BPMN 1.2 notation. The 
locations are still process grouping objects, and the placement and naming (if not 
appearance) of waiting and movement activities that distinguishes them from standard 
activities is retained as well.  
 
 
5.3. Consolidated airport process models 
5.3.1. Merged model with variation points 
In order to derive an integrated airport process model depicting the identified differences 
and similarities across the airports observed, the process models need to be consolidated 
(“combination A”, Figure 24) to produce a merged model with markers showing variation 
points. For this, the model editor Signavio has been used. The merged models are provided 
in Appendix A4, and Table 10 shows the number of diagrams before and after merging: 
 
Table 10. Diagram quantities 
DIAGRAM LEVEL NUMBER OF DIAGRAMS PRIOR TO MERGE NUMBER OF DIAGRAMS AFTER MERGE 
Value Chain 5 1 
Level 1 BPMN 44 11 
Level 2 BPMN 82 14 
 
When merging, the models are canonised to ensure that the entire model conforms only to 
pure BPMN (La Rosa et al., 2011), the reason for which is provided in merging guidelines in 
section 4.2.2. It should be noted that though the space-sensitive symbols in the canonised 
models are not in the exact visual format of specialised objects used in the individual 
models, space-sensitivity is still maintained in the configurable reference model. The space-
sensitive activities of waiting and movement have only changed in appearance as a result of 
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canonisation due do representational limitations of the software. While they no longer look 
as they did in the individual models (i.e. a red bi-directional arrow within location groupings 
and a white arrow in the direction of control flow), they are still present in the merged 
model that is to be made configurable. They are distinguished from other standard 
activities by their naming (waiting activity labelling starts with “Queue” or “Wait” and 
movement activity labels start with “Go to”). The relative positions of the waiting activities 
within locations and movement activities between locations are also maintained. 
Additionally, the location symbol is still represented as a process grouping, as in the 
individual models.  
 
The merge of spatial aspects across different airports with different layouts is done based 
on the industry accepted names of the areas where the steps occur, as at this point 
configuration can only be done based on model structure, rather than performance. The 
canonised movement activity cannot depict movement time or distance as it did in the 
individual models, however means to express them will need to be introduced at such a 
time when performance-based configuration is available in the future, as such metrics are 
valuable information for decision makers. 
 
Every variation point that enables the model to be made configurable in the form of a 
configurable gateway (Rosemann & Aalst, 2007) is represented having a thicker border than 
a standard gateway and is blue in colour. It is in every respect a standard BPMN gateway 
and it has the additional attribute of being configurable, which has been added as a toggle 
into the BPMN editor Signavio by a developer. The resulting model can be edited/updated 
via a compatible tool that can import “*.bpmn” files such as Signavio, which is used to 
create the merged model from the original models in the extended BPMN notation. 
 
Overview of model comparison across airports 
As in the original models, the scope of the merged process is the international departure 
process from the perspective of the passenger, commencing as they enter the terminal 
building, going through appropriate pathways based on whether passengers are premium, 
regular or have special needs, and ending at the boarding gate. Every airport studied has 
some key commonalities and differences can be examined and leveraged when designing 
the process, by better understanding why they exist and whether one approach is more 
effective than others. General observations of similarities and differences are shown in 
Table 11. 
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Table 11. Overview of similarities and differences from individual airport process models 
ACTIVITY OVERVIEW OF SIMILARITIES OVERVIEW OF DIFFERENCES 
Terminal 
Entry 
All airports require the passenger to 
come to the terminal prior to the flight. 
Passengers have the opportunity to 
organise their luggage, acquire 
directions, or read rules on carried 
items prior to check-in. 
A passenger can arrive via different 
modes of transport to the airport. 
Types of available information material 
or assisting technology are different. 
Types of personnel available to meet a 
passenger at the entrance are different. 
While some airports have terminals 
dedicated to domestic and to 
international travel separately, others 
provide a shared terminal for both. 
Check in Check-in is done by relevant airline 
personnel or ground handlers whether 
on-airport or off-airport. 
For an on-airport check-in, passengers 
undergo a preliminary check-in step 
involving confirmation of details, 
baggage check-in if applicable, and 
check-in finalisation which involves 
acquisition of the boarding card. 
Baggage organisation involves 
managing excess baggage, oversized 
baggage, or redistribution of contents. 
Some airports have rows of check-in 
counters available for passengers while 
others only have one row of counters. 
Services differ in changing minor 
booking details and having TRS goods 
checked at the check-in counter. 
Processing of excess baggage can occur 
through different stakeholders and 
locations, or may not occur at all. 
Prohibited or restricted items are 
checked at different points of the 
process.  
Security Security screening at every airport 
involves the use of metal detectors and 
Explosive Trace Detection, and is 
performed by ISS operators. 
The protocol for identifying and 
addressing an issue or person of 
interest is the same across airports 
Any irresolvable issues result in the 
passenger being offloaded from the 
plane and not being allowed to fly. 
Passengers go to preparation areas of 
differing shapes and sizes, or not at all. 
Some airport cases offer an express 
security pathway (for premium 
passengers) while others do not. 
Random continuous pat-down and 
Explosive Trace Detection (ETD) tests are 
performed in different orders. 
Different airport cases may not have 
facilities such as a private screening 
room or space for wheelchair to pass. 
 
A configurable airport reference model for passenger facilitation 
Page 87 
Customs 
and 
immigration 
Processing of passengers, evaluation of 
validity, and identification and 
addressing of any issues follow 
identical protocol across all airports. 
Any irresolvable issues result in the 
passenger being offloaded from the 
plane and not being allowed to fly. 
Required passenger identification 
documents vary from passports or to 
military identification. 
At some airports, these activities 
precede security checks while at others 
they follow security checks. 
Customs may at times use a predefined 
list to reconcile passengers. 
Boarding Passengers undergo the same boarding 
checks to confirm their right to fly. 
Passengers queue at every airport. 
Passengers proceed to the boarding 
gate from seating/recreational areas as 
well as restrooms at all airports. 
Some airports have additional different 
areas and activities from where 
passengers proceed to boarding. 
Special needs passengers are assisted at 
a different point at one airport. 
Military passengers are processed 
differently during boarding. 
 
There is a significant similarity in how airports in Australia execute the passenger 
facilitation process, though there are some differences, e.g. in the types of discretionary 
opportunities available to passengers. Where the process is executed differently, in terms 
of resources, location, steps, or business rules, the differences have been noted and factors 
responsible for them identified. Each of the five airports studied has indicated a keen 
interest in learning how other airports operate and the reason behind any operational 
differences, to benefit from the positives as well as the areas of improvement of other 
airports. From the rest of this section each airport is referred to as Airport Case #n (ACn). 
 
Selected demonstration of merging: value chains 
This subsection demonstrates how the merge has been conducted throughout the different 
layers of detail. This is done starting from the top level of the diagrams, i.e. the value chains, 
by comparing both names of the steps as well as the control flow. Common steps are 
merged into one, while maintaining the integrity of the control flow, in terms of sequences 
by introducing gateways - the BPMN symbols for decision points - where required. These 
gateways are called variation points. Diagrams for a common value chain step are then 
compared and merged in the same way as the value chains have been merged. This 
recursive activity is repeated until there are no more common value chain steps left to 
compare. A selection of diagrams is presented next in the form of the value chain diagrams 
from each airport case merging into one diagram with variation points.  
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Airport Case 1 (AC1) and Airport Case 2 (AC2) are identical, and can be seen below, 
depicting the passenger entering the terminal, checking in, undergoing security screening, 
going through customs and immigration checks, and finally boarding. The passenger may 
also perform optional or discretionary activities prior to check-in, security, and boarding.  
 
 
Figure 28. Airport Case 1 value chain 
 
 
Airport Case 3 (AC3) is similar to the ones above, up to check-in. After check-in, and the 
optional/discretionary experience, the passenger approaches a counter where an operator 
assists them in advising about and packing liquids aerosols and gels (LAGs). Immediately 
after, the passenger undergoes customs and immigration checks followed by an optional 
activity regarding TRS duty free docket collection. After this the passenger undergoes 
security screening, goes towards the discretionary areas, and boards. Initial observations 
indicated that the differences at this point appear to be influenced by a combination of 
differences in operational policy and adapting to the design of the terminal building. 
 
 
Figure 29. Airport Case 3 value chain 
 
 
Airport Case 4 (AC4) is mostly similar to Airport Cases 1 and 2, except after security there is 
another discretionary experience. Up to that point the international and domestic 
departure passengers are processed in the same physical spaces at the same time, in which 
regard this airport differs from others. From this point onwards, domestic and international 
passengers diverge – domestic passengers are directed to boarding, and the international 
passenger to LAGs check, (as these are left unchecked at security screening) immediately 
A configurable airport reference model for passenger facilitation 
Page 89 
followed by customs and immigration checks. The international passenger then re-enters 
the discretionary area for further discretionary experiences prior to boarding. 
 
 
Figure 30. Airport Case 4 value chain 
 
 
Airport Case 5 (AC5) is different from other airports in that check-in occurs off-airport 
without the passengers present - in this case military personnel rather than civilian. They 
are brought to the terminal entry at a designated time, acquire their travel documents, 
undergo security screening followed by customs and immigration checks, and finally board. 
These passengers can perform discretionary activities only prior to travel document 
acquisition and boarding. 
 
 
Figure 31. Airport Case 5 value chain 
 
Differences found initially appear to be the results of varying operational decisions, 
business models, and expected passenger demographic, and are closely examined in the 
next section. 
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The diagram below shows the model that has resulted from the integration, or merging of the value chain models. Similar to the models, this also 
reflects the process from the passenger's perspective. Each of the variation points are shown as blue XOR gateways. Each discretionary or optional 
activities choice is represented as plain XOR gateways. As this diagram is derived from value chains rather than typical BPMN models, each 
gateway is not preceded by a decision making activity, though this has been done in the subsequent diagram levels. 
 
 
Figure 32. Merged model of value chains 
 
As can be seen in the diagram, depending on the airport, different pathways are available to the passenger. They may or may not be checked-in 
off-airport, following which they will enter the terminal at some point. Similarly, the discretionary experience may or may be available to the 
passenger, and then depending on the airport will either go for regular check-in with another discretionary experience, or must proceed to acquire 
the travel documents. Next, the passenger may proceed to complete Customs and security related activities in a number of different possible 
sequences. Finally, at all airports, the passenger undergoes one last set of discretionary activities prior to boarding. 
VP1 
VP2 VP3 
VP4 VP5 
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Value chain variation points (VPs): International Departure  
On merging or consolidating the process models from five airports, segments that did not 
directly overlap have been marked as variation points. These blue configurable gateways 
are listed in Table 12 corresponding to related decision conditions from the models, and are 
provided with a unique identifier (VP#) for the merged diagram shown in Figure 32. As can 
be seen, the first two variation points VP1 and VP2 indicate that only one airport AC5 has 
steps different from all the others based on the needs specific to chartered military travel 
for the passengers. VP3 onwards sees different arrangements in control flow of the same 
activities for the airports.  
 
Table 12. Variation points for value chain merge 
CONDITION VP# BRANCH 
ACTIVITY SEQUENCE(S) 
INSIDE BRANCHES 
AC1 AC2 AC3 AC4 AC5 
Chartered 
military travel 
VP1 
Yes  Off-airport Check in 
    
x 
No Nil x x x x 
 
Chartered 
military travel 
VP2 
No 
Check-in, Discretionary 
experience 2 
x x x x 
 
Yes 
Travel Document 
Acquisition     
x 
To security or 
customs 
VP3 
Security 
Security, (Discretionary 
experience 3a), (LAGs 
Screening), Customs and 
Immigration 
x x 
 
x x 
Customs 
LAGs Advice, Customised 
Immigration, (Discretionary 
experience 3b), Security 
  
x 
  
International 
and domestic 
travel occur 
concurrently 
VP4 
No Nil x x 
  
x 
Yes Discretionary Experience 3a 
   
x 
 
International 
and domestic 
travel occur 
concurrently 
VP5 
No Nil x x 
  
x 
Yes LAGs screening 
   
x 
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Assumptions are not made at this level about what steps are skipped by which airports 
overall, because delving into the detailed diagram levels reveals that some steps that 
appear to be skipped at the value chain level do re-appear at the lower levels as an option 
for the same airports. As each variation point is represented by a gateway in the actual 
process model, it corresponds to a decision condition with an annotation linked to each 
resulting branch. Where a branch related to a condition is true for a particular airport case, 
an “x” has been placed in the cell.  
 
The full list of variation points is provided in Appendix A5. Having this list sets the scene for 
“analysis B” (see Figure 24), which is done to understand the reasons behind the variations 
so that an appropriate set of selection conditions can be devised to elicit the needs of the 
user to configure the model. These reasons are identified as contextual factors in the next 
section, and the selection conditions take the form of a questionnaire, which is shown in 
the section after the contextual factors. 
 
5.3.2. Contextual factors 
The variation points in the merged model have been used to derive relevant contextual 
factors. As a starting point, potential contextual factors were drawn from a superficial 
examination of the variation points and study into industry literature, academic 
publications, as well as books on airport design, e.g. ACRP (Transportation Research Board, 
2014), Ashford et al. (2011), Tošić (1992),  and Kazda and Caves (2007). Process variants in 
model structure and listed potential contextual factors were then scrutinised with the 
stakeholders to ascertain actual contextual factors behind the differences. Table 13, shown 
on the following page, is the list of actual contextual factors identified along with a 
classification of context scope – the concept for which is explained in Chapter 2 Literature 
Review.  
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Table 13. Contextual factors identified for passenger facilitation at airports 
CATEGORY 
SUB-
CATEGORY 
CONTEXTUAL FACTOR 
CONTEXT 
SCOPE 
Organisation 
Business 
model 
Genre of airport 
Use of the airport according to its intended design is 
indicated by this factor. It has been stated that the airports 
analysed cater to international travel, and this is the 
distinction between whether it is meant for civilians, or 
military personnel. Earlier parts of the process align 
themselves to this intended use, and therefore to this 
deliberately different design of the process and use of 
airport spaces. In later parts of the process however a follow 
on effect is seen resulting from the type of passenger, which 
is treated as a different contextual factor. 
Internal 
context 
Airline service 
The process aligns itself to passenger offerings according to 
whether the airline being used offers low-cost or premium 
services. If the service is low-cost it is possible that the steps 
will be different, or in other words certain services will not 
be available options for the passenger, whereas premium 
airline services would make such offers. Inferences are not 
drawn as to which is faster or slower, as this is not in the 
scope of this research. 
Internal 
context 
Selection of offered facilities 
Airports offer a variety of facilities to their passengers, 
sometimes as part of the revenue model, and some of these 
facilities and services vary across the different airports. 
These optional facilities are utilised as part of discretionary 
activities. Wherever the service differs in airports at 
particular step, it is represented in the model is an outcome 
of a variation point. 
Internal 
context 
Practice 
Operational policy 
At times certain steps are implemented differently at each 
airport because the policy or dictated procedure is different. 
In some situations the airport is responsible for this 
difference, in others the airlines. Government agencies, e.g. 
Customs or Biosecurity, have standard procedures to be 
implemented in the same way across airports within the 
Immediate 
context 
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country. Organisations such as the security contractor (ISS) 
or ground handlers follow practices directed by the 
organisations that they report to, i.e. airports or airlines. 
Agreements 
Partnerships / collaboration agreements 
This is relevant where the operators belonging to different 
organisations are capable of performing the same 
responsibility, such that different parties perform it at 
different airports.  
Internal 
context 
External  
Location 
orientation 
Transport facilities to/from airport  
The terminal entry activities commence differently for 
passengers that arrive via available modes of transport, 
which vary across airports. 
External 
context 
Resources 
Activity 
space 
Usage/configuration of terminal building 
There are many qualities related to the spatial orientation of 
the terminal building the affect the process design and 
execution. The overall external orientation and positioning 
of the building blocks can affect how the passenger reaches 
the terminal doors. Location and utilisation of specific 
building space with respect to international and domestic 
travel will determine what kind of passenger decides to 
enter. Placement and orientation of where parts of the 
process are to be executed will affect the movement of the 
passenger between those spaces. Design of the activity 
space itself impacts how effectively the activity is executed 
by the passenger or operator. While performance in terms of 
quantitative measures is not a key consideration in this 
project, it does relate to differences in the process model 
across the airports studied. 
Internal 
context 
Internal 
equipment  
Passenger support equipment 
Certain airports provide different kinds of equipment that 
enable passenger to perform known processes more 
effectively. 
Supporting 
context 
Passenger informing technology 
Each airport provides some form of physical or digital 
enablers and guides to contribute knowledge towards 
execution of the process, e.g. in terms of way-finding or 
support personnel. 
Supporting 
context 
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Passenger Personal  
Type of passenger  
The passenger type can affect certain steps or offerings, e.g. 
whether they are civilian or military, through this is 
considered as distinct from airport genre. 
External 
context 
Purpose of passenger  
Passengers travel for different reasons, and the reasons 
relate to many aspects of the travel including whom they are 
travelling with, the choices of discretionary activities, types 
of luggage that they carry, and the class of their ticket. This 
class, i.e. business vs. non-business, in turn affects certain 
areas of service and options available to the passenger. 
External 
context 
Scope of travel  
The passenger is expected to either fly domestically or 
internationally. The process is different depending on 
whether a border crossing is involved. In this case, this 
contextual factor affects parts of the questionnaire 
(therefore model) related to the factor “usage/configuration 
of terminal building”.  
External 
context 
 
Contextual factors undergo “analysis C” (see Figure 24) with the model to develop the 
questions and facts for the questionnaire used to elicit user needs as input into 
configuration.  
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5.3.3. Questionnaire model 
On understanding the reasons for underlying differences in the process structure, questions 
related to contextual factors were derived by scrutinising the branches in multiple 
iterations. Each iteration involved examination of the branches of a selected variation point, 
referring to the list of contextual factors to assign the most appropriate one. The identified 
contextual factor was used to frame a question most suitable to match the variation point. 
Details about how this is has been done are provided in the previous chapter in section 4.3. 
The following table shows the full list of questions (q1..q24) associated from the actual 
contextual factors (from the previous section) and corresponding answers or facts (f1..f66) 
available to the user: 
 
Table 14. Questions and facts for questionnaire model 
CONTEXTUAL FACTOR Q# QUESTION F# FACTS 
Airport genre 1 
What type of service does the 
airport offer  
1 Chartered military 
2 Regular civilian 
Operational policy 2 
Does the security screening 
precede Customs checks 
3 Yes 
4 No 
Scope of travel 3 
What scope of travel does the 
usage/configuration of the 
terminal building cater to 
5 International 
5, 6 International AND Domestic 
Transport facilities 
to/from airport 
4 
What transport facilities are 
available to the airport 
7 Bus 
8 Taxi/car with driver 
9 Train 
10 Self-driven car 
11 Chartered truck/bus 
Passenger support 
equipment 
5 
Is there a bag-weighing facility 
present 
12 Yes 
13 No 
Operational policy 6 
What check in types are 
provided by the airlines 
14 
Regular check in  
(traditional) 
15 
Premium check in  
(traditional) 
16 
Bag drop only for internet 
check ins (traditional) 
Operational policy 7 
Can minor name change occur 
at check in 
17 Yes 
18 No 
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CONTEXTUAL FACTOR Q# QUESTION F# OPTIONS 
Partnership 
/collaboration 
agreement 
8 
Can TRS and restricted items 
checking be arranged around 
check in 
19 No 
20 Yes 
Partnership 
/collaboration 
agreement; 
Operational policy 
9 
Where should passenger 
resolve excess 
baggage/payment 
21 Airport service desk 
22 Qantas sales desk 
23 
Airline premium check in 
counter 
Partnership 
/collaboration 
agreement; 
Operational policy 
10 
Who is responsible for 
providing the boarding pass 
(applicable if "Qantas sales 
desk" was selected in prior 
question) 
24 Airport 
25 Airport AND Airline  
Operational policy 11 
Does airline policy include 
inquiry on 
prohibited/restricted items at 
check in  
26 No 
27 Yes 
Operational policy 12 
Does airport policy require 
passengers to queue for 
security preparation activities 
28 No 
29 Yes 
Purpose of passenger 13 
Are there enough business 
travellers to justify an express 
security pathway 
30 Yes 
31 No 
Operational policy 14 
Does security policy require 
pat-down or Explosive Trace 
Detection at metal objects 
screening point 
32 Pat-down check 
33 
Explosive Trace Detection 
check 
Type of passenger 15 
What type of passenger is 
primarily being served 
34 Regular civilian 
35 Chartered military 
Usage/configuration of 
terminal building 
16 
Is a private security pat down 
area present 
36 Yes 
37 No 
Airline service 17 
Are there airline lounges at the 
airport 
38 Yes 
39 No 
Usage/configuration of 
terminal building 
18 
Is there a gate dedicated for a 
wheelchair lift 
40 No 
41 Yes 
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CONTEXTUAL FACTOR Q# QUESTION F# OPTIONS 
Selection of offered 
facilities 
19 
What selection of 
facilities/services are available 
on entering the terminal 
42 Airline service desk 
43,
44,
45 
Currency exchange OR 
Travel insurance OR ATM 
machine 
46 Wireless internet 
47 Internet kiosk 
48 Unaccompanied baggage 
49 Bag wrapping 
50 Retail 
Partnership 
/collaboration 
agreement 
20 
Can TRS validity be assessed by 
a Customs officer before 
check-in 
51 Yes 
52 No 
Selection of offered 
facilities 
21 
What selection of 
facilities/services are available 
in the non-sterile area on 
receiving the boarding pass 
53 Wireless internet 
54 Internet kiosk 
55 Unaccompanied baggage 
Selection of offered 
facilities; Operational 
policy; 
Usage/configuration of 
terminal building 
22 
Are facilities/services offered 
prior to final security LAGs 
check 
56 Yes 
57 No 
Selection of offered 
facilities 
23 
What selection of 
facilities/services are available 
prior to boarding 
58 
Currency exchange OR 
Travel insurance OR ATM 
machine 
59 Wireless internet 
60 Internet kiosk 
61 Prayer room 
62 Public phone 
63 Retail 
Partnership 
/collaboration 
agreement 
24 
What purchase-related checks 
are present prior to boarding 
64 TRS 
65 Docket collector 
66 Not applicable 
 
Some variation points were found to yield questions that had already been encountered. 
For example, the operational policy was found to be responsible for differences at more 
than one variation point. This kind of link between variation points plays an important role 
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in the development of the questionnaire. For the sake of efficiency a given question is to be 
asked only once and the answer needs to be propagated for every variation point related to 
the same question encountered down the track. Alternatively, any question that can make 
certain pathways irrelevant should be asked as soon as possible prior to other questions 
along that pathway. These types of relationships, as well as others, between questions and 
facts are captured by dependencies within the questionnaire model.  
 
The Questionnaire Designer software used to design the questionnaire model in “analysis 
C” is grounded in the work of La Rosa, Aalst, et al. (2009), and enables the visualisation of 
questions, facts, and any dependencies between. Questions are shown in green boxes and 
facts are shown in yellow boxes. The mapping between questions and their facts is shown 
by a straight black line while the mapping between questions to represent dependencies is 
shown by an arrow that has either a dotted line (partial dependency) or a solid line (full 
dependency). Similarly, dependencies between facts are also shown via an arrow with a 
dotted line (partial dependency) or a solid line (full dependency). Such data dependencies 
between one question and another determine the order in which they are asked, while the 
dependencies between facts and questions makes the respective question contingent on 
what answer was selected in a previous question. Out of 56 valid variation points, 24 were 
associated with new questions and 32 were dependent on these questions.  
 
Figure 33 shows a screenshot of the questionnaire model. The largest area is taken up by 
the main canvas where the actual questions and their facts are visually modelled. The pane 
on the right side of the main canvas is the palette, which contains the objects and 
connectors for modelling. The pane on the bottom right hand side displays the outline of 
the questionnaire model, using which the designer can drag and drop the view on the 
section they wish to shown in the main canvas. The last pane at the bottom left-hand side 
shows the properties of the model, using which the designer can adjust the model view 
using the rulers and grid, change the appearance of objects on the screen, or adjust “Core” 
details and add or modify constraints. Constraints determine how facts are related to each 
other and presented in the final interface to the user. This also determines whether the 
answer choice to a particular question is presented to the user as radio buttons (where only 
can be selected) or as check-boxes (where more than one can be selected). 
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The constraints for the questionnaire designed for the airport reference model are 
captured using Boolean function shown below, based on the concept and principles 
explained by La Rosa, Aalst, et al. (2009); La Rosa, Lux, et al. (2007): 
 
 
Figure 34. Constraints for the configurable airport reference model 
 
As a new questionnaire model “.qml_diagram” is created by the designer, another “.qml” 
file is automatically generated alongside. Questionnaire Designer allows modifications of 
the ".qml_diagram" file and the saved changes are automatically reflected in the “.qml” file. 
The “.qml” file is then the input to the next software, the actual questionnaire interface for 
the end user: Quaestio. All of the information captured in the questionnaire model is now 
ready to undergo “analysis D” (see Figure 24) to be mapped to the branches of the 
variation points within the merged model of the airports as show in the next section. 
 
5.3.4. Mapping questionnaire model to process model  
The questions and facts developed in the previous section now need to be mapped to the 
variation points (VPs) and their branches, respectively. This completed mapping (see 
Appendix A5) was an intended input into the software C-Mapper as the outcome of 
“analysis D”, however due to unavailability of the latter at the time of this research the 
mapping could only be used as the basis of manual rather than automated configuration.  
 
The mapping shown in the Table 15 is a sample corresponding to the configuration of the 
Level 1 diagram for the value chain step of “Security” (see Figure 32), which is the process 
segment of the reference model demonstrated in the next section. 
 
xor(f1,f2).xor(f3,f4).(f5+f6).(f7+f8+f9+f10+f11).xor(f12,f13).(f14+f15+f16).xor(f17,f18). 
xor(f19,f20).(f21+f22+f23).(f24+f25).xor(f26,f27).xor(f28,f29).xor(f30,f31).(f32+f33). 
(xor(f34,f35)=>f1).xor(f36,f37).xor(f38,f39).xor(f40,f41).(f42+f43+f44+f45+46+47+48+49). 
xor(f50,f51).(f52+f53+f54).xor(f55,f56).(f57+f58+f59+60+f61+f62+f63).(f64+f65) 
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Table 15. Example of mapping of questions to variation points and facts to branches 
Q# QUESTION REPEAT VP# 
VARIATION 
POINT TYPE 
CONSTRAINT F# FACTS 
ACTIVITY 
SEQUENCE(S) INSIDE 
VP BRANCHES 
AC1 AC2 AC3 AC4 AC5 
 - 
What scope of travel 
does the 
usage/configuration 
of the terminal 
building cater to 
follows 
VP 4 
(from q3) 
VP18 
OR 
Checkbox 
(f5+f6) 
f5, 
f6 
International 
AND Domestic 
OR Domestic 
Nil 
   
x 
 
f5 International 
Go to security 
preparation area 
x x x 
 
x 
q12 
Does airport policy 
require passengers to 
queue for security 
preparation activities 
 VP19 
XOR 
Radio 
button 
xor(f28,f29) 
f28 No Nil x x 
  
x 
f29 Yes 
Queue for 
preparation   
x 
  
q13 
Are there enough 
business travellers to 
justify an express 
security pathway 
 VP20 
XOR  
Radio 
button 
xor(f30,f31) 
f30 Yes 
Go to express 
passenger security 
queue 
x x 
   
f31 No Nil 
  
x x x 
 
[continued…] 
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Q# QUESTION REPEAT VP# 
VARIATION 
POINT TYPE 
CONSTRAINT F# FACTS 
ACTIVITY 
SEQUENCE(S) INSIDE 
VP BRANCHES 
AC1 AC2 AC3 AC4 AC5 
q14 
Does security policy 
require pat-down or 
Explosive Trace 
Detection at metal 
objects screening 
point 
 VP21 
AND 
Checkbox 
(f32+f33) 
f32 Pat-down check 
Undergo pat-down 
check 
x x x 
  
f33 
Explosive Trace 
Detection check 
Undergo ETD check x x x x x 
-  
Does security policy 
require pat-down or 
Explosive Trace 
Detection at metal 
objects screening 
point 
follows 
VP 21 
(from 
q14) 
VP22 
AND 
Checkbox 
(f32+f33) 
f32 Pat-down check 
Perform pat-down 
check 
x x x 
  
f33 
Explosive Trace 
Detection check 
Perform ETD check x x x x x 
  
Once the mapping is ready, the model can be configured and the user need only select the desired facts for the corresponding branches to be 
presented to them. 
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5.4. Final outcome: a config
Once the mapping is complete, the final stage of the overall merge “combination E” (see 
Figure 24) can be conducted. The questionnaire model is processed by a software called 
“Quaestio” to generate the questionnaire interface that the business user can answer. The 
user is able to select a
their needs. These answers are interpreted using the mapping and used to "configure” the 
merged model by hiding branches of the variation point gateways that do not correspond 
to the answers. This leaves a model containing a subset of “individualized” processes to be 
presented to the user, specific to the desired conditions. This combination of components 
from the previous sections provides the domain contribution of the project, i.e.: t
configurable airport reference model
 
To perform the configuration, 
in Figure 35. The 
selects an answer in the Question Inspector section. For this, information in the Guidelines 
box might be considered. 
 
Figure 
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urable airport reference model 
nswers for each question posed 
. 
the questionnaire provided to the user in 
user selects the questions available in the Valid Questions section, and 
 
35. Screenshot of questionnaire interface
- in plain English - designed to elicit 
Quaestio is 
 Quaestio seen by airport user 
 
he 
shown 
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The answer or facts can be selected via radio buttons (where only one fact can be selected) 
or via checkboxes (where multiple facts can be selected). The functional buttons available 
to the user are "Answer”; "Default Answer", resulting in automatic selection of a default if 
predefined; and “Rollback”, which can be used to go back a question change an answer. 
Once the user clicks on the “Answer” button, the question moves into the “Answered 
Questions” box, and the next available question is presented.  
 
Once all questions have been answered, Quaestio prompts the user to save the answers as 
a file. This file is processed by the Process Configurator software, which configures model, 
i.e. applies the answer file to the master model using the mapping file in order to generate 
the relevant model subset, so that the Individualizer. 
 
To demonstrate how the configuration is done, a small segment of the airport processes is 
shown in Figure 36. The segment is part of the “Security” value chain step from the merged 
value chain model in Figure 32 earlier. The variation points can be seen as blue gateways, to 
distinguish from non-configurable white gateways. The passenger role executes the 
activities, and the control flow reads left-to-right. The dashed line process groupings 
represent the locations of preparation area and security checkpoint. 
 
The user only sees the questionnaire interface, a screenshot of which is seen earlier in 
Figure 35. The questions asked that correspond to this process segment are as follows: 
• q3 (repeat from earlier): What scope of travel does the usage/configuration of the 
terminal building cater to? 
• q12: Does airport policy require passengers to queue for security preparation 
activities? 
• q13: Are there enough business travellers to justify an express security pathway? 
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The user does not see the following merged model prior to configuring; it is shown here only for the purpose of demonstrating configuration. The 
diagram shows a segment of activities performed by the passenger, specifically movement towards and waiting/queuing upon entering 
“Preparation area” and “Security checkpoint” locations, followed by activities related to preparation and security. 
 
 
Figure 36. Security process model segment prior to configuring 
VP18 
VP19 
VP20 
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In this example, let us assume the answers or facts selected are f5 for q3, f28 for q12, and f31 for q13. These answers are interpreted through the mapping 
shown in Table 15. Based on this, the variation points VP18, VP19, and VP20 (shown in the diagram) are configured, i.e. the branches following the variation 
points that correspond to f5, f28, and f31, respectively, are selected to be shown while all other branches are to be hidden. Any part of the control flow that 
was not subject to variation points, i.e. that is common across all the airports, is automatically shown, with relevant locations and movement or waiting 
activities. The outcome can be seen in Figure 37 below, corresponding to the answers received in the questionnaire, and can clearly be seen that there are 
fewer model elements in the configured diagram compared to the original merged model: 
 
 
Figure 37. Security process model segment after configuring shown to user 
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This demonstration shows that the working concept is sound, in that each ingredient 
required to make it work can be, and has been, effectively developed.  
 
As explained earlier, the function of this configurable airport reference model is two-fold: 
1. It provides a simple way to elicit specific airport needs by means of selecting desired 
conditions in a questionnaire in plain English and without the need for technical 
process-structure terminology. 
2. It takes the selected answers and presents to the user the relevant process that is 
unique to their specific combination of needs indicated by their answers. 
 
In summary, this consolidated and configurable airport process model helps relevant airport 
stakeholders to learn what relevant process suits their contextual conditions. Following the 
steps and guidance provided in this thesis, the current reference model can be extended to 
include best practices from across the world, thus becoming a global point of reference 
based on actually implemented airport processes. 
 
N.B. At this stage the configuration process is driven based on contextual factors and not 
driven by performance factors, which is recommended as future work (e.g., a stakeholder 
might want to implement the airport process with the shortest queuing time and to be 
pointed to the contextual factors and process design needed to facilitate this performance). 
 
 
5.5. Chapter summary  
This chapter described the results of the two main stages for developing a configurable 
airport reference model. The steps described therein were applied to five Australian airport 
cases in order to produce the proof-of-concept. This chapter described each of the outcomes 
of these research stages and demonstrated how they can be combined to produce the final 
artefact, namely the configurable airport reference model. The purpose of the reference 
model is to facilitate an intuitive identification of specific airport process design needs via a 
questionnaire, processing the needs selected by the user, and providing the user with a 
comprehensive set of process models that correspond to those needs. This is done through 
process configuration. 
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The full set of interim and final results that enables configuration was described in this 
chapter. First, the outcome of data collection and analysis was developed in form of process 
models for each individual airport, an overview of which was provided. These models were 
then shown to be combined into a consolidated repository of a merged master model. In this 
merged model were shown the clear points of variation, distinguished from the parts of the 
process common across multiple airports by means of blue coloured configurable gateways. 
Investigation was then performed into the reasons behind the process variations between 
the airports via high level analysis and stakeholder interviews, and the resulting contextual 
factors were shown. Using contextual factors, a questionnaire model was developed, and the 
arrangement and purpose of the questions, facts and dependencies therein was explained. 
This questionnaire model was then mapped to the variation points in the merged model to 
provide the basis of the configuration and hence individualization activity.  
 
Each software component that is used, or not used as the case may be, has also been 
mentioned where relevant. The BPMN notation used for this project has been made 
configurable via adaptation of the academic version of the process modelling editor Signavio 
by external technical experts, who are not involved in this study. The configurability utilized 
is limited at this time to the configuration of gateways only. In future research, it is possible 
to extend this to other parts of the notation, e.g. roles, groupings and data objects, as 
discussed in the research outlook in the final chapter of this thesis. A point to note is that at 
the time of this research, the configuration software (La Rosa & Gottschalk, 2009) could not 
be reliably used with BPMN. Even though the principles of their research contributions are 
independent of modelling language, the full functionality of the Synergia toolset catered 
more reliably to EPC notation. As a result, the full automated configuration capability could 
not be demonstrated, though the effectiveness of the working concept has been 
demonstrated manually. 
 
Comprehensive data collection has been done mostly on-site at the airports through 
identification of existing practices in passenger facilitation through interview of 
organisational stakeholders. These stakeholders are mainly operational management 
representatives from each airport (Brisbane, Melbourne, Gold Coast, Rockhampton, and 
Perth), Air New Zealand, and Australian Customs and Border Protection. The results have 
been provided to stakeholders involved in data collection for validation after each process 
modelling activity, and this effort to maximise the quality of the results has been an 
important focus of this research, as discussed extensively in the next chapter. 
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6. Evaluation of quality 
6.1. Chapter introduction 
The artefact presented in the previous section, i.e. the configurable airport reference model, 
has been evaluated against the requirements it was created to fulfil. This chapter assesses 
the quality of the model itself as well as the scientific quality of the design process in terms 
of validity and reliability, and its ability to fulfil the purpose it was created for. This aligns 
with the overarching research objective as introduced in Chapter 1: To develop a reusable 
reference model tool for airports to inform improved passenger flow/facilitation process 
design based on their specific contextual needs.  
 
Each part of this objective is answered in this chapter: 
1. To develop (reliably) 
2. a reusable (by virtue of being modular and extensible) 
3. reference model (that reduces complexity) 
4. tool (being useful)  
5. for airports (hence easy for business users to use) 
6. to inform (having high quality design) 
7. improved passenger flow/facilitation (informing the problem area)  
8. process design (providing essential process information) 
9. based on their specific contextual needs (customisable via configurability) 
 
Every point above is encapsulated by the conceptual model quality, scientific model quality, 
and usefulness criteria introduced and explained as part of the research requirements in 
section 3.3.4. This chapter assesses and discusses these criteria in the context of the 
evaluation of the design artefact for this project. Limitations associated with the artefact are 
discussed at the end of the chapter, with measures taken to mitigate them where possible. 
 
Evaluation in this project is guided by the work of Hevner et al. (2004); Johannesson and 
Perjons (2014); Lindland et al. (1994); Rosemann (2006); Mišić and Zhao (2000); Indulska et 
al. (2009); Mendling et al. (2010); and Moody (2009). Ex-ante formative evaluation is 
performed related to the artefact design and content, as its adoption among users is not 
assessed. The evaluation is performed through a combination of the following: ongoing 
verification by the researcher using modelling expertise and syntactic checking built into the 
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modelling software (first party) throughout artefact development; validation by over 30 
domain experts (second party) of the quality of the model content for the individual process 
models and variations in the merged model; and finally review of the quality of the artefact 
design, the base individual process models and the merged models by an academic expert 
and Masters students (advanced process modellers) external to the project (third party). The 
use of all the components in the form of the configurable airport model could not be tested 
by a third party, due to lack of software support at the time for combining them, as 
mentioned in section 3.3. The assessment is explained in the subsequent sections. 
 
 
6.2. Assessing conceptual model quality 
The quality of a conceptual model can be assessed in three dimensions, i.e. syntactic, 
semantic and pragmatic quality (Lindland et al. 1994). At each phase of the modelling effort 
syntactic, semantic and pragmatic quality was incrementally being assessed throughout the 
modelling process to maximise the overall quality of the final product. In some cases it was 
necessary to balance syntactic quality with semantic and pragmatic quality for the sake of 
securing the value proposition to business users. However, the endeavour was to work 
within the bounds of acceptable rules (‘threshold qualities’). The criteria according to which 
conceptual model quality is assessed in this section are introduced and defined in Chapter 3. 
 
6.2.1. Syntactic quality (language) 
Guidance for ensuring the syntactic process model quality has been acquired from the work 
of Rosemann (2006), Indulska et al. (2009), Mendling et al. (2010), and Moody (2009), as 
mentioned in Chapter 2. This sub-section demonstrates how the criteria have been met. 
a. Syntactic correctness: BPMN 1.2 was utilised as the notation for modelling the artefact. 
Although the symbol set and modelling conventions were extended in the process 
models for individual airports (to fulfil the time and expressiveness needs), these later 
were adapted back into to “canonical” or standardised BPMN 1.2 in compliance with the 
modelling rules provided by the specification (OMG, 2008) for use in the configurable 
airport reference model. Syntactic correctness of the merged reference model was 
checked by two Masters students who were advance process modellers.  
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b. Representation of mandatory configuration points: In the final merged model, variation 
points (a.k.a. configuration points) in the control flow are represented as blue 
configurable gateways which thick black outline (see Chapter 5 for examples). 
 
c. Representation of configuration dependencies: Dependencies have been captured 
visually in the design of the questionnaire model, using question-fact constraints, and 
with partial and complete dependencies across questions and facts in the questionnaire 
model (see Chapter 4 for an explanation and Chapter 5 for examples).  
 
d. Syntactic consistency: A number of measures have been taken to maximise model 
consistency, which is key to building a reference model of any kind. Unambiguous 
visualisation via consistent symbol appearance, positioning and usage, as well as 
consistent object names has been employed. Modelling conventions have been followed 
so that diagramming, drilling down levels of detail, usage of symbols, naming 
conventions and representation style do not vary and can be maintained in the future. 
All the models have been developed by the same researcher, and the merging activity 
has also been carried out by the same to limit variance in modelling style and the 
wording of activities.  
 
6.2.2. Semantic quality (domain) 
e. Semantic validity: The model is validated by domain experts after each individual airport 
is modelled and during derivation of the contextual factors. The correctness of the 
model content is checked in that it reflects the actual process and the relevant essential 
aspects of the core process being investigated. Section 6.3.2 discusses assessment of 
overall validity. 
 
f. Semantic completeness: Activities or functions designated as critical by organisational 
stakeholder groups have been highlighted and optional activities have been described 
(see validated results in section 5.2).  A value chain was developed for each airport and 
data for the modelling of each value chain step was acquired by interviewing personnel 
at every airport. Not only was every airport covered, but every participating organisation 
relevant to that airport was interviewed, even where these steps and organisations were 
repeats of what was already encountered – as in the case of the airline Air New Zealand 
and Australian Customs. Assumptions were not made, e.g. that a particular organisation 
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might have identical processes for the same step at each airport – evidence was 
gathered each time. Domain experts were interviewed during validation to assess the 
completeness of the models. From a modelling perspective, relevant control flow, roles, 
locations, data objects, equipment and information used within the processes have been 
captured. Completeness of derived contextual factors was deeply contingent on the 
knowledge of the domain experts. 
 
g. Coherence: Each part of the control flow has been checked to be logically related to the 
rest of the merged model. The model has been based on sound architectural 
decomposition (vertical coherence) and attention has been paid to ensure consistency 
across the models of different airports (horizontal coherence). 
 
h. Semantic consistency: The merging activity has inherently ensured that logical 
consistency between similar models across different airports is maintained in the model 
through the comparison to draw out differences. During derivation of contextual factors, 
analysis of some variation points revealed their differences not to be valid. This was 
rectified and the variation point removed from the merged model. Also some 
inconsistencies found due to the process not being followed as described by some 
stakeholders, were consequently adjusted in the model. For example, where the check-
in operator is prescribed as providing the Outgoing Passenger Card by the airport, some 
airline domain experts perceived this more as a desirable consideration rather than a 
prescribed duty – it has therefore been included in the merged model being a positive 
variant. 
 
6.2.3. Pragmatic quality (audience) 
i. Comprehensibility: Airport domain experts provided confirmatory anecdotal feedback 
regarding clarity and ease of interpreting the process models after having received basic 
BPMN training given at the start of data collection for each airport case. Positive 
feedback, however, has been received regarding the artefact proof-of-concept. 
 
j. Abstraction and modularity: The artefact is stratified with multiple layers of abstraction 
where the top-most level is a value chain which in turn drills down to no more than two 
further levels of granularity. This simplifies each model on each layer and makes the 
consumption of the model easier. The arrangement of the value chain steps is such that 
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at a high level they are distinct from each other and highly “composable”. This means 
that as the model is extended to more airports, new value chain steps are easy to 
incorporate into the merged model. If a value chain step from the airport being added to 
the knowledge base already exists in the merged model, then it can be combined with it 
and any new activities at the next level of detail can be easily integrated, and the same 
can be said for the third level of detail. 
 
k. Detail and expressiveness: The basic BPMN symbol set has been used based on the 
findings of zur Muehlen and Recker (2008) that use of a small set of basic constructs 
more common, implying a preference for simplicity. This approach has been utilised to 
its best advantage here to represent every element of the process that needs to be 
represented, while adding richness to concepts around space-related activities that are 
not distinctly emphasised by the notation, but needed in the context of an airport. 
Symbol redundancy, overload, and excess have been minimised to maximise 
representational clarity, visual expressiveness, graphic parsimony, perceptual 
discriminability and immediacy. An appropriate level of detail was defined to maximise 
completeness for each model and to minimise complexity of the meaning. To maximise 
the likelihood that the models can be read by novice modellers the representation uses 
repeating patterns and symbols that are easily discernible by virtue of their shape, size 
and colour, and balances comprehensiveness with comprehensibility. 
 
l. Conciseness: The number of different visual elements used in the model was limited to 
as few as possible, so as not to overload the reader. The volume of represented 
information has been kept low to ensure clarity of the content, and only enough to 
explain the core control flow and essential involved elements. The size of the diagrams 
has therefore been kept as small as possible (each diagram fits legibly on one A3 paper), 
without adding another level of detail (which would otherwise compromise ease of use).  
 
m. Technology dependence: The technology dependence of the model presented is 
moderate to high as it relies on specific configuration tools (Gottschalk & La Rosa, 2010). 
For the automated merging of the process models, a merging algorithm (La Rosa et al., 
2013) and supporting software is required, however, in the absence of this software, 
merging could be done manually. Questionnaire Designer (La Rosa, Aalst, et al., 2009; La 
Rosa, Lux, et al., 2007) allows capturing contextual factors in a question-answer format 
for which constraints can be set is available, independent of modelling notation, and has 
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been used in this project. C-Mapper maps variation points in the process model to 
answers associated with the contextual factors in order to produce a mapping file. 
Quaestio produces a questionnaire from the questionnaire model and captures 
responses from the business user in an answer file. Process Configurator applies the C-
Mapper mapping file with the answers file from the user to the configurable model and 
Individualizer presents the resulting individualized model. As the final step, automation 
of configurability is dependent on C-Mapper, Process Configurator and Individualizer, 
which, at the time of this research did not support BPMN and so could not be used in 
this project. Thus, automated configuration was out of scope due to technical 
constraints, and the function of these three software components could be and was 
demonstrated manually. 
 
n. Extensibility: The reference model can be extended in the future to incorporate changes 
to processes in the configurable model as a result of the modular format of the current 
reference model. Each addition would require a comparison and matching activity to 
incorporate the new segment into the current merged model, and the guidelines 
provided in this research enable this, as discussed earlier in section 2.3.1. This ensures an 
agile and flexible artefact adaptable to emerging changes. 
 
 
6.3. Assessing scientific model quality 
Designing a conceptual model as part of a research project requires that scientific quality 
needs to be considered, in particular reliability and validity, defined in section 3.3.4. This 
section discusses that the artefact content is reliable in that the data sources are dependable 
and the methods used to develop it rigorous, such that the research would yield a similar 
result, if repeated by a different researcher. It also explains measures taken to ensure that 
the results are valid with the help of a broad selection of domain experts and appropriate 
checks, allowing identification and resolution of inconsistencies. 
 
6.3.1. Reliability 
This research is entirely based on data acquired from a consensus of subject matter (domain) 
experts as the foundation of the artefact, i.e. process models for each airport. Reliability in 
data collection was maximised by use of mixed methods and triangulation of related 
outcomes, namely an initial scoping workshop followed by interviews, observation and 
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document analysis. As the primary source of information, these domain experts were 
nominated to be interviewed from among management for every organisational stakeholder 
group at each airport. The roles and experience of the personnel interviewed contributed 
towards reliability as each interviewee was part of middle level management with over 10 
years of experience in the domain, while still in touch with operational processes in their 
roles as team leaders. These domain experts were also from across the full range of 
organisational stakeholders directly involved in the core passenger facilitation activities, 
namely: airports, airlines, Customs, and related contractors. In addition to the process 
models for the individual airports, contextual factor derivation was also heavily dependent 
on interviews with the airport domain experts. Apart from management personnel, 
operators were observed by the researcher and documentation pertaining to the process 
was also analysed. In this way, data was acquired not only from roles in different hierarchies 
within the same organisation, but similar roles from five different airports using multiple 
data collection methods. 
 
Reliability of methods is ensured by basing research design in literature as discussed in 
Chapter 3. Techniques and methods used in this research (process modelling, merging and 
configuration) have been previously applied to other domains, also based in literature as 
discussed in Chapter 2. Reference models are used commercially in numerous industry 
domains, the process modelling language is a recognised global standard, and the software 
that has been used has been tried and tested in other projects prior to being used in this one. 
 
A number of different factors ensure that if the project is repeated by a different researcher 
using the same data sources, approach, methods and resources described in this work then 
to a large extent a similar artefact would be the outcome. First, the entire research approach 
has been documented in detail in the form of normative guidelines for developing the 
configurable reference model, represented in the form of a process model which by 
definition embodies repeatability. Secondly, the analysis of each airport case in this project 
allowed for steps applied to be repeated and refined for each subsequent airport. This not 
only tested the repeatability of the research approach, but also introduced a diachronic 
reliability (Kirk & Miller, 1985), whereby data collection and analysis for each airport was 
distributed across three years. Lastly, the software resources that were utilised are available 
for public use. The Signavio model editor in which the merged model is made is commercially 
available.  
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6.3.2. Validity 
In order to ensure that the artefact reflects reality, validation activities with domain experts 
have been introduced into the design and development approach, particularly in step 3 in 
section 4.2.1, and step 3 in section 4.2.2. Semantic correctness and pragmatic quality (see 
sections 6.2.2 and 6.2.3) of the content were identified primarily through feedback from key 
contacts within each organisation for the two most important data collection activities: 
modelling of processes and derivation of underlying contextual factors associated with valid 
differences in the process model structure. As each component was prepared, feedback was 
elicited from the domain experts who contributed to developing it, in some cases 
electronically through sending a deliverable and requesting review, and in others via one-to-
one discussions either over the phone or in person. The task of the expert was to identify 
any corrections, so as to finally validate their respective process segment as being correctly 
modelled.  
 
On concluding data validation for process modelling at each airport, the recipients expressed 
that they gained greater clarity about the processes and interactions that occur with 
passengers - two of the five airports also provided testimonials to confirm the benefits - 
provided in Appendix A6. The extensions to the notation were actually made as a result of 
initial build-time validation where a means to incorporate space-dependency and high 
number of waiting and movement activities into the process models was required. This led 
the researcher to introduce the extensions to overcome limitations in BPMN to improve the 
richness of the models as well as pragmatic quality for the user to read. The cross-airport 
comparison to identify commonalities and differences further substantiated findings. 
 
In spite of validating each individual process model with the domain experts to ensure 
semantic consistency and correctness of model content, during comparison some segments 
in older models were found during merging to have inconsistent control flow or naming. The 
researcher addressed this by identifying and matching with the more accurate version where 
obvious or where it was not clear by deferring the decision to the relevant domain expert. 
This clearly indicates that the built-in checks worked to identify semantic inconsistencies, all 
of which were consequently resolved during the manual merging activities. Brisbane airport 
was used as the “reference” airport in that the differences between it and other airports 
were investigated, except for the rare situations where it was not part of the comparison. 
This was due to the ease of accessibility of domain experts, as this airport had the deepest 
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involvement with the rest of the “Airports of the Future” program, of which this project was 
a part. The Brisbane domain expert was interviewed about the differences where possible. 
As an exhaustive investigation into all differences was impossible, this is acknowledged as a 
limitation. 
 
Breadth of data sources used was high and the total number of domain experts interviewed 
throughout the course of the project is provided in section 4.4. This high number of 
interviews and interviewees maximised the corroboration of data and thereby increased 
overall validity of the content that constitutes the artefact. Workshops with participants 
were held twice at the first airport case. The first workshop involved a broad cross-section of 
high level management to define the scope of the process to be studied. The second 
workshop was for group validation of the process modelling exercise, where each domain 
expert present in the data collection stage from the airport, airline, ISS, and Customs and 
Border Protection was present. The first workshop was only required once, and the second 
revealed that validation at subsequent airports would benefit from engaging domain experts 
individually.  
 
 
6.4. Fulfilment of intended purpose 
6.4.1. Improvement of stakeholder decision-making 
A tool can be said to be effective if it fulfils the requirements of its user. One main 
requirement addressed by this project is assisting improved process design decisions for 
airport passenger facilitation. Typically airport decisions for passenger facilitation are found 
to be around the design of the spaces, management of stakeholder groups, maximising 
passenger efficiency and positive perception, minimising resource costs, and sustaining 
service effectively while catering – if not contributing – to an increase in clientele, both 
passenger and business (see Chapter 2). The best assistance to be provided to someone 
making a decision, short of making the decision for them, is empowering them with the 
background knowledge required to make that decision. This knowledge is provided visually 
in the form of a process model that prunes away superfluous activities leaving only that part 
of the process that corresponds to the contextual needs - which is the means by which the 
artefact supports decision-making. 
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Firstly, the artefact facilitates the elicitation of design needs. Just as an analyst begins any 
advisory activity by first understanding the desired goal state for an operational airport 
manager, the questionnaire presents a list of questions offering them a means by which to 
select the characteristics that most closely match the airport that they envision. Rather than 
an open-ended interview, the questions are closed, specific and – as has been explained so 
far – based on different characteristics of existing airports, as well as the relationships 
between them. The result is that the combination of specific goal characteristics is efficiently 
captured in matter of minutes rather than hours or even days.  
 
Secondly, the full set of characteristics used to elicit these requirements and the entire set of 
processes that they pertain to are directly based on rich empirical evidence from the 
relevant problem area. The current artefact is limited to five airport cases for international 
departure processes, but when this is extended to numerous airports globally and through 
all passenger facilitation processes including arrivals, transfers, transits, and domestic 
processes the evidence would be significantly larger. As the merged model expands, the set 
of characteristics would become more comprehensive. The likelihood of finding the exact 
combination of contextual characteristics across all airports studied to match the goal state 
would also be considerable higher based on the increased data set. The advantage is that 
while this combination of characteristics the user requires are not all likely to be present in 
any one airport case, they would be likely found spread across all the included airports, and 
their associated process model segments are then certain to exist in merged model - hence a 
reference model. 
 
The third way in which the artefact supports the user is by sorting through the rich evidence 
in the entire merged model and filtering out any process segment that does not answer to 
the characteristics the user selected in the first place. In this way, the user is presented a 
complete end-to-end, highly customised relevant process model suitably tailored to match 
their specific needs.  
 
The resulting process models (customised through process configuration) would then 
describe the complete functional requirements for airport design - knowledge which can 
then be usefully applied to make design decisions for not just the process but its enablers as 
well. These enablers can include resources and the planning can be assisted with these 
models, for instance simulations to work out resource needs from a holistic perspective to 
minimise overall resource idle times or passenger wait times. Other resources such spaces 
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can be designed effectively, where knowledge of the control flow activities and related 
spatial needs can inform design of building elements and locations. Human resource 
planning can be assisted using knowledge of the expected roles played by participating 
organisations. In addition, appropriate collaborative arrangements can be made to maximise 
effectiveness and efficiency of the process. Passenger awareness can be improved by 
identifying strategically beneficial points in the process to provide concise and relevant 
information and assistance, if required. Impacts on the process, resources and spaces of 
increasing presence of passengers and businesses on the airport can be analysed. 
Management of incidents or emergencies in view of managing day-to-day activities can be 
considered. The applications and usefulness of this knowledge is extensive, and in short, it 
can be said that such an ability to anticipate operational requirements through visualised 
process models can be of great value in planning airport design across a range of 
perspectives. 
 
In addition to the process models providing the ability to make decisions while designing 
processes, they would also provide significant ongoing benefits for existing operations. They 
provide end-to-end visibility, and thereby awareness and visibility of what is involved in the 
process for collaboration, planning and resourcing decisions across the facilitation process. 
This is important information for all stakeholders, particularly for airport operators as they 
manage relationships between the other interacting organisations throughout the process. 
Each organisation understands the impact their step has on the next one, and is thereby 
better empowered to make decisions to enable improvement. Such models are also a 
powerful tool for communication. They provide a common language or platform of 
understanding to ensure clarity regarding the process and its scope across stakeholders with 
different interests, thereby reducing miscommunication and promoting transparency and 
empathy across stakeholders.  
 
Models can be incorporated into standard operating procedures, for the purpose of 
training/education or induction of employees (as has already been done at one airport). 
Process models enable impact analysis and monitoring of any changes around informed 
decisions to identify gaps and opportunities, for improvement in many ways. They enable 
identification of redundancies or non-value adding aspects; wasted effort/resources (Burton 
& Boeder, 2003; Hicks, 2007); and bottlenecks (Goldratt, Cox & Whitford, 1992). They also 
enable root cause or other analyses to gauge effectiveness of the process; understand 
dependencies across the entire process; calculate time based performance measures such as 
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throughput, cycle time or wait time; and construct “what if” simulation scenarios or “to be” 
improvement scenarios. Finally, the process models would provide numerous ongoing 
benefits for the future in managing the business through monitoring and control of the 
process. Improvement of costs, utilisation/production ratios for planning and forecasting, 
compliance and risk management, and strategic alignment is greatly facilitated. Visibility into 
operations is important to inform planning, design and management of any organisation. In 
each airport studied in this research, there are numerous organisations intertwined in the 
passenger facilitation, simultaneously managing a customer of such diverse behaviour as the 
international traveller. With such a variety of organisational stakeholders, this research has 
found that for making harmonious decisions it is important to have clarity across roles and 
activities relative to each of the involved organisations, for them to co-exist and function at 
peak efficiency in such a broad and dynamic environment. Process models are an effective 
means of capturing such information, and have therefore been used as the medium for the 
reference model that is the domain contribution of this study.  
 
6.4.2. Reduction of complexity and embedded reusability 
By virtue of being a process model, the artefact takes the passenger facilitation process from 
the real world user and simplifies it by emphasising aspects that have higher impact on its 
effectiveness, while de-emphasising aspects of lower impact. In addition to natural reduction 
of complexity of the model content, the research outcomes also reduce the extent of effort 
required to collect, customise, interpret and extend related process information. This section 
discusses how the function of the artefact reduces complexity in its application, in addition 
to the measures to ensure pragmatic quality while modelling, as discussed in section 6.2.3. 
 
Focussed elicitation of needs makes articulation and capture of the typical contextual 
airport specifications associated with differences in process structure are elicited more 
efficient and accurate.  
 
The artefact uses a global standard notation so that once basic training is acquired to 
understand BPMN, the same meaning and interpretation applies, regardless of geographic 
location or organisation. Using this notation, essential process information is captured via 
process models to demystify operations and related dependencies on activities, roles, data 
objects, resources and spaces. Only organisational processes for passenger facilitation that 
are centred around the passenger themselves are included in the scope. Space-sensitive 
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modelling using BPMN (see section 4.3.1) is emphasised as an important additional aspect 
for use in designing and planning processes involving physical activities at airports. Using the 
principles and complete software set discussed in this work, configuration effort is almost 
negligible for the user of the artefact, as the required processes corresponding to the 
elicited needs are almost automatically extracted from the merged model and presented for 
their perusal. Reduced data collection effort is also a key advantage. This means that each 
time processes corresponding to a different scenario need to be explored, the user does not 
need to manually work out which airport in the world has exactly the same airport 
characteristics they wish to learn about, and then go to manually investigate operational 
management of airports to determine what processes are used – the consolidated 
information set is already available in the merged model.  
 
The model is reusable for any scenario that combines the contextual specifics of airports 
included in the model. If this information is not available within the existing reference model, 
process analysts can continue to holistically extend the configurable airport reference model 
to incorporate any number of other airports using the normative guidelines from this study 
(see section 4.2). In this way, the model is sustainable, as such extension can be done 
repeatedly as long as ethical requirements are met, e.g. if the existing participants of the 
collaborative knowledge base agree. The merged model with marked variation points can be 
extended to include process models from more airports, and corresponding extension of 
contextual factors – hence questionnaire and mapping – can be implemented systematically 
by following the normative guidelines and using associated software. The reasoning and 
approach for deriving the related contextual factors (see section 4.3.2) is also provided as a 
part of the contribution in addition to the guidelines. As more airports are added the model 
would become a richer point of reference. However, care must be taken to ensure that the 
quality requirements of the artefact design and content are complied with. 
 
 
6.5. Research Assumptions and Limitations 
6.5.1. Bias and subjectivity  
There was only one researcher involved during data collection, modelling, merging, analysis, 
and synthesis, and though this contributed to semantic consistency, it is possible that the 
study encountered investigator bias (Shenton, 2004). Every effort was, however, made to 
maintain objectivity:  peer scrutiny, as recommended by Shenton (2004), was invited during 
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the research project from other PhD researchers, through on-demand reviews and quarterly 
group meetings. Questions to the respondents were posed in an open and professional 
manner, and the researcher endeavoured to maintain self-awareness to avoid any actions 
that could bias the responses to ensure they were the results of “the ideas and experiences 
of the informants” and not those of the investigator. Also, second and third party reviews 
were invited, as mentioned earlier. 
 
The stakeholders identified were involved in this research from the start of the study at each 
airport till the end of the project. This meant that to quite an extent, the person providing 
the data at the beginning was also the person providing feedback on how accurately that 
data was interpreted for that case study. While this contributes in minimising 
misunderstanding, it limits the extent to which the correctness of the data could be tested. 
Also, in some cases, two stakeholders fulfilling a similar role at two different airport cases 
would describe a process segment differently, but on closer scrutiny during the merge and 
subsequent questioning, the researcher found no significant difference, and corrected the 
model to ensure semantic consistency. While introducing a slight complexity from a 
correctness perspective, regarding model validation, this does add a layer of corroboration 
for those segments that are similar. This research has attempted to minimise biases and 
subjectivity through repeated checks of quality and validity, as described in earlier among 
other measures taken to ensure the research is as objective and correct as possible. 
 
6.5.2. Research implementation 
A limitation for implementation was that part of the software required to enable 
configurability in the artefact had been unavailable for this research at the time it was 
conducted. As explained in Chapter 6, the complete Synergia toolset did not yet support 
BPMN. Part of the toolset was available and successfully utilised – namely the modified 
model editor Signavio; Questionnaire Designer for developing the questionnaire model; and 
Quaestio for translating this model into a questionnaire interface from which selected 
answers are captured in an output file. The software unavailable for use with BPMN at the 
time included C-Mapper to map the configurable gateways to appropriate facts from the 
questionnaire model; Process Configurator to apply the answer file from Quaestio to the 
merged model via the mapping from C-Mapper to conduct configuration; and Process 
Individualizer to extract the individualised process model from the merged model and 
present it to the user. While developing the missing software was beyond the scope of this 
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project, the principle of configurability was successfully demonstrated manually using real 
processes and real scenarios from the domain. As a result, the working concept could be 
evaluated ex-ante. 
 
6.5.3. Usage 
The domain knowledge on which the artefact reference model is based is Australian airports 
for international departures, therefore it is likely that there exist different needs and 
contexts relevant to the global perspective have not yet been captured. The model also 
needs to be extended to other parts of facilitation such as international arrivals, 
transit/transfer, and domestic processes. In addition, while version management is out of 
scope of this research, it is central to the notion of an extensible and reusable tool. Any 
significant process changes would render the tool out-of-date without suitable measures, 
which must be explored in future research as discussed later in section 7.4. Such issues do 
not impede the research objective, however, as it should be remembered that the intention 
of this project (stated in Chapter 1) is to provide the means to develop a global artefact, 
rather than to provide the completed artefact itself. 
 
As the artefact is a working proof-of-concept rather than a complete product, product 
adoption has not been studied. In order to do this, the researcher would have needed to 
witness and measure - e.g. through observation of its usage or via usability studies - the 
implementation and utilisation of the final artefact over a period of time, which was not 
possible. Usability and ease of use were, however, assessed through ex-ante evaluation and 
anecdotal feedback from business representatives indicated potential usefulness. 
 
Finally, using the artefact requires knowledge in both the application domain and BPMN, as 
mentioned by La Rosa (2009). Being relevant to the airport passenger flow, the user requires 
an understanding of what problem area they are addressing in order for the tool to be useful. 
They also require at least basic training that enables them to read and interpret BPMN, as 
the entire reference model is represented in that notation.   
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6.6. Chapter summary  
Evaluation of a design science artefact is a critical activity (Johannesson & Perjons, 2014). 
This chapter described the ex-ante evaluation of the artefact according to the criteria 
established in the research requirements of Chapter 3. It explained how the design of the 
reference model is injected with checkpoints and considerations to ensure syntactic, 
semantic and pragmatic quality. Some of these included ensuring that all configuration 
points and related dependencies were shown, and that the models were as concise and 
correct as possible, balancing this with the completeness of content and expressiveness of 
the models. It also discussed aspects around technological dependence of the tool, which 
could only be demonstrated in concept and be manually configured until the completion of 
the appropriate software, which was not part of the scope and occurred after project 
completion.  
 
Many measures were taken to ensure that the content of the artefact is reliable and valid. 
Reliability was ensured by using dependable sources of data and drawing methods from 
extensive scientific literature. Validity of the research outcome was ensured through 
involving a broad selection of domain experts who provided the data and corroborated it. 
The approach used is well-documented and it is expected to yield similar results, if repeated 
by another researcher under the same conditions and with the same checks. 
 
The final and most important indicator of quality is to determine whether the tool can 
successfully fulfil the purpose it was created for. This was done extensively in the final 
section of this chapter, explaining how the artefact assists or supports decision making for 
the airport user. In summary, the artefact efficiently and precisely elicits the contextual 
needs of the user based on a set of modelled empirical evidence, and with the specific 
contextual needs (identified by that particular user) efficiently customises the evidence and 
presents it in a format that is a combination of visual and textual information. The user can 
now use this tailored set of processes as functional requirements to inform a broad range of 
design decisions for the airport with their envisioned contextual characteristics, in terms of 
spatial, strategic, administrative, or resourcing decisions, to name a few. This artefact 
reduces complexity for the user, can be used by anyone who has learned the global standard 
notation BPMN that is used to describe the model, and finally can be adapted and extended 
to accommodate any number of airport process models and their contextual factors. 
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While the study provides many benefits, some limitations have been identified and 
addressed as far as was possible. Data bias and subjectivity of the researcher conducting the 
study was mitigated by numerous reviews, validations, and quality checks performed. Issues 
were encountered in implementing the configuration, in that part of the toolset was 
notation-dependent and unavailable for use with BPMN at the time, therefore the 
evaluation by users of the full automated configurable product could not be performed, 
though evaluation was performed for the design and development of each component of the 
artefact. Lastly, the model needs to be extended to other airports and facilitation processes 
to be of benefit as a reference; product adoption has not been tested; and basic training in 
BPMN is a prerequisite to understand the model. 
 
This chapter discussed the usefulness of the artefact in how it answers the requirements 
posed in the overarching research objective in Chapter 1. The next chapter discusses how 
the research questions are answered through completion of the contribution, along with 
providing reflections and overall conclusions from the work done in this project. 
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7. Conclusion 
7.1. Chapter introduction 
This study has resulted in the development of a tool in the form of a reference model to 
assist airport management in making informed decisions to design passenger facilitation 
processes, based on what is typically done according to on their specific contextual needs. 
The application of the developed configurable reference model assists with the design across 
multiple stakeholders of new and existing airports adapting to changes in context. The work 
meets the following requirements: (a) that there is an efficient way to articulate contextual 
requirements; (b) that a comprehensive and consistent set of current processes exists as a 
point of global reference; and (c) that there is an efficient way to filter relevant information 
from that comprehensive set, based on the articulated contextual requirements. A tool with 
these three functionalities can provide knowledge that informs design decisions by 
narrowing the focus and providing expedient and highly relevant insight into existing global 
practices. The provision of these functionalities is broadly discussed in section 6.4 in terms of 
how the artefact fulfils the original purpose for which it was intended. The artefact and 
research design, firmly based in literature, have been explained extensively in Chapters 2 
and 3, and the approach to developing it has been described in Chapter 4, while the results 
and their evaluation are discussed in Chapters 5 and 6, respectively. 
 
This final chapter concludes the study by revisiting the research questions established in 
Chapter 1, and explaining how the completion of associated research tasks and resulting 
outcomes answer those questions. This is followed by a discussion on contributions to 
research, the airport domain and practice. Finally, the chapter provides an outlook on some 
possibilities for directing future research. 
 
 
7.2. Revisiting research questions 
The three requirements stated in the previous section of context, reference and filtering 
have been captured by the final artefact in fulfilling the research objective from Chapter 1: 
To develop a reusable reference model tool for airports, to inform improved passenger 
flow/facilitation process design based on their specific contextual needs. The reference 
model in the overall objective above has taken the form of a configurable airport process 
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reference model. Answering the three research questions yielded methodological 
contributions and the final artefact itself as the core domain contribution. 
 
The first of the three research questions answered was RQ1: how can passenger flow 
processes at different Australian airports be integrated? Two tasks were completed to 
answer this, one of which was RT1: to understand and model passenger facilitation 
processes at Australian airports with a focus on the international departure process. This 
task was completed via process modelling being performed for the passenger facilitation 
process, resulting in the component of individual airport process models being developed at 
each of the five airports, described in section 5.2. This task also resulted in a methodological 
contribution of introducing space-sensitive modelling to BPMN, described in section 4.3.1, to 
improve completeness of the models. The second of the two tasks performed was RT2: to 
develop a merged/integrated model of the airport facilitation process. To complete this, the 
individual process models were merged as guided by literature, followed by a comparison 
across airports to identify where the process differed. The component produced out of this 
task was the merged model with variation points marked therein, described in section 5.3.1.  
 
Using the merged model and its variation points, the second research question answered 
was RQ2: how can contextual process variations across airports be captured? The first of the 
two tasks to address this was RT3: to derive contextual factors from process variants. These 
process variants, having been identified in RT2, were investigated to derive contextual 
factors for airports that were associated with the differences as explained in section 5.3.2. 
The derivation of contextual factors conducted for the completion of this task has not been 
done before (see reviewed literature in section 2.5) and so is another methodological 
contribution as discussed in section 4.3.2. The second of the two research tasks was RT4: to 
develop a questionnaire to capture contextual needs based on contextual factors. To 
accomplish this, contextual factors were used to articulate questions and facts and the 
toolset of Synergia was used to introduce questionnaire-based configurability into making 
the reference model configurable (La Rosa, Aalst, et al., 2009; La Rosa & Gottschalk, 2009). 
The questionnaire model was the component produced in this task using Questionnaire 
Designer as described in section 5.3.3. 
 
Both the merged model and questionnaire model were then used to answer the third and 
final research question RQ3: how can contextual needs be utilised to facilitate process 
design decisions for passenger facilitation at airports? The mapping between the two models 
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was established in completing RT5: to enable configuration of the merged/integrated 
reference model based on contextual needs to inform airport passenger facilitation process 
design. Questions were mapped to configurable variation points, and facts in the 
questionnaire model (available as answers to the questions) were mapped to process 
variants in the merged model. This mapping component enabled the model to be configured 
and is described in section 5.3.4. The components of the merged model, questionnaire and 
mapping are brought together and combined to produce the configurable airport reference 
model as the final domain contribution artefact (see section 5.4). In order to ensure that this 
reference model is sustainable (i.e. can be kept relevant and extended as required), a set of 
normative guidelines is provided to support any future changes to the configurable 
reference model. This last methodological contribution is provided in section 4.2. 
 
The contributions produced during this research are discussed in the next section. 
 
 
7.3. Research contribution 
7.3.1. Contribution to academia 
Academic contributions are classified as theoretical contributions, methodological 
contributions and domain contributions. This research provides methodological and domain 
contributions (as is the intent of the Professional Doctorate) highlighted in this sub-section.  
 
The first methodological contribution is to the area of process modelling, proposed as an 
extension to BPMN (see section 4.3.1). In light of the specific domain of airports, a gap was 
identified around explicating space-sensitivity of processes in modelling notations, 
particularly in the highly used global standard BPMN. Locations and their properties, as well 
as movement activities between and waiting activities within those locations have been 
found to affect the design of processes and the quality of their execution. While this 
realisation originated for the Author in this project, it is found to be a little-recognised need 
in BPM to reflect physically-relevant principles visually (e.g. to identify unnecessary physical 
movement and wasted spatial resources in lean management) among processes that are 
executed in physical environments. This clear gap is addressed to some extent for the 
purposes of use within this project, and it is hoped to inspire fellow researchers to study the 
issue of space-sensitivity in different domains, and to thereby enhance BPM knowledge, 
especially in the areas of process modelling and, hence, analysis and improvement. 
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The second methodological contribution is to the area of configuring models. This work has 
acknowledged and reused the body of knowledge around configurable process modelling (La 
Rosa, Aalst, et al., 2009; La Rosa & Dumas, 2008; La Rosa & Gottschalk, 2009; La Rosa, 
Gottschalk, et al., 2007; La Rosa, Lux, et al., 2007). While existing research helped to identify 
contextual factors and use them in process configuration (Hallerbach et al., 2008; Rosemann 
et al., 2008), and the use of process configuration in reference modelling has also been 
explored (Aalst et al., 2006; Rosemann & Aalst, 2007), this research has bridged the two 
concepts in a practical application. The new insights from using existing knowledge enabled 
the study to complement process configuration with the derivation, classification and use of 
contextual factors (see section 4.3.2), as a result of this research. This can now be re-used, 
tested, investigated and improved by researchers.  
 
The third methodological contribution takes the form of normative guidelines to 
configurable reference modelling as prompted by the lack of a clear step-by-step set of 
guidelines to systematically develop the components that form the artefact (see section 4.2). 
These include measures taken to ensure quality of reference models, as guided by existing 
knowledge (Fettke et al., 2005; Lindland et al., 1994; Mišić & Zhao, 2000; Recker, Rosemann 
& Aalst 2005; Thomas, 2006). They also include the approach taken to derive contextual 
factors as mentioned earlier. These guidelines have been made domain-agnostic, and are 
presented in basic BPMN for study by other BPM researchers to prove as a point of guidance 
for the development of configurable reference models in the future. 
 
From among the three domain contributions to research, first is the comprehensive and 
highly detailed model of an airport process. The set of diagrams in the process model is 
highly relevant as it based on real empirical data from existing Australian airports. It 
incorporates a range of organisational facets - for instance, the control flow is modelled from 
the passenger perspective thus addressing the customer line of visibility with respect to 
interactions with the other multiple stakeholder organisations. Using the content of this 
model, a diverse range of aspects related to BPM can be investigated by fellow researchers, 
through the lenses of information systems and the technical implementation of modelling 
and configuration, thereby making it a valuable source of reference.  
 
The second domain contribution of this research is that it bridges two communities of 
researchers, namely from the field of BPM and from the aviation sector, through the artefact. 
Through the capture of complex passenger flows across diverse airports in process models, 
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the configurable airport reference model unlocks the domain to research in the same way 
that supply chain management was made accessible via SCOR, telecommunication via eTOM 
and IT service management via ITIL. For aviation-specific researchers this model is a point of 
reference that can be perceived as common ground across a range of different stakeholder 
viewpoints in the aviation sector, thus, enhancing the ability to effectively collaborate - this a 
prominent key advantage, as it has been found through the course of this study that the 
aviation sector is a highly complex organisational environment, with entire stakeholder 
groups having varied and sometimes conflicting interests. Researchers can greatly benefit 
from such visibility by using a factual and relevant tool as the artefact for investigation and 
communication of findings. 
 
The third and final domain contribution is of the artefact as a research boundary object for 
researchers across multiple disciplines thereby enabling cross-pollination of knowledge. This 
study has provided an artefact that can “inhabit several intersecting social worlds […] and 
satisfy the informational requirements of each of them” (Star & Griesemer, 1989) by making 
airport facilitation practices visible for communication and investigation across multiple 
disciplines (Oborn & Dawson, 2010; Wenger, 2000). Other disciplines can find a common 
language in the integrated and validated process model and utilise it as the foundation or 
key point of reference for related research projects in the search for solutions e.g. security at 
airports, functional design of buildings, or mathematical modelling. This is further reinforced 
at the end of section 7.4 on future research. 
 
7.3.2. Contribution to practice 
The artefact developed in this study can be of immediate practical utility in numerous ways, 
as discussed earlier in section 6.4.1. It can inspire the design of new airport processes or 
redesign of existing ones based on a comprehensive model that allows the airport 
management user to efficiently access specialised information - assisting them to reach 
solutions for design of passenger facilitation.  
 
The model can support the interests of a range of different organisational stakeholders 
dispersed through the social system at the airport in multiple dimensions: horizontally in 
terms of the stakeholder groups of airports, airlines, government agencies, sub-contractors 
and ancillary facilities; and vertically in terms of strategists, policy makers, managers, 
designers and operational staff. In this way it behaves as an organisational boundary object, 
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as it can be used as a common language for stakeholder-specific conversations, assisting in 
balancing interests and bridging understanding between all of them. It can also be utilised to 
help to improve passenger awareness by de-mystifying the complexity of the processes. 
 
Finally, from the perspective of the broader air transport industry, a highly adaptable 
reference process model of passenger facilitation can be used as the integrated centrepiece 
of an airport operations knowledge base to assist in improvement of operational standards 
for benchmarking or compliance. It can support global organisations such as IATA or ACI in 
providing a platform or means for dissemination of recommended practices and guidelines 
thereby becoming a potential solution for airport terminals world-wide. 
 
 
7.4. Future Research 
There are a number of ways in which this research can be extended or applied to further the 
global body of knowledge. First and foremost, extending the scope of application of the 
configurable airport reference model to include more or different subject matter is possible. 
Future studies should be extended to include more airports from across the world, 
preferably from among those classed as top-of-class. The work should also be extended to 
include other passenger facilitation processes such as international arrivals, transits, 
transfers, and also domestic processes. Another extension could be to processes at the 
airport beyond facilitation (e.g. intermodal processes) and beyond the line of passenger 
visibility (e.g. baggage reconciliation). Domains other than the air transport industry can also 
benefit from the approach provided in this study to develop a configurable reference model. 
 
Keeping the base processes current is an important consideration for the effectiveness and 
relevance in long term use of the configurable airport reference model. Further research is 
required for managing the evolution and versioning of the configurable reference model, 
especially with respect to increasing the number of airports and changes to processes. The 
model needs to be made adaptable to stay current, as changes can occur in a short amount 
of time. For instance, new technologies such as body scanners and bag drop kiosks were 
introduced shortly after this research was conducted. This need is further emphasised by La 
Rosa (2009), especially around “facilitation of incremental adaptation of a questionnaire 
model as a result to changes to the corresponding configurable process model”. The Author 
has developed a systematic methodology for inductively building reference models, which 
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can be extended for adaptation so that such considerations can be incorporated into the 
development lifecycle, as keeping the reference model up-to-date is crucial for its success 
 
Process configuration of BPMN in this study is limited to the control flow, and it should be 
extended to include variants of elements other than control flow within BPMN, for instance, 
where model segments between two cases differ on the bases of roles or data objects rather 
than activities. The work of La Rosa (2009) caters to variability in control flow, and while it 
mentions development of an integrated meta-model as part of the potential extensions to 
his research, the means by which to practically implement it for other BPMN elements has 
not been found. As a result, any variability beyond the control flow in this study has been 
addressed by engineering/accommodating the difference into the control flow so as to allow 
the configurable gateways to capture the configurability. While other objects such as roles, 
data objects and process groupings are filtered by association with the filtered activities as 
an outcome of hiding irrelevant branches, it is recommended that there needs to be a means 
to capture configurability on the contextual basis of objects other than gateways. 
 
In addition to modelling, analysis of the contextual factors related to process variants could 
be extended to include quantitative performance metrics. Studies could be carried out to 
explore their impact and influence on not just how a process is carried out, but how well it is 
carried out. Also, the relationship between contextual factors and the process model 
variations could be studied further e.g. in terms of which is the cause and which the effect. 
 
Studies on product adoption of the contribution are another avenue for future research. 
Further tests should be performed to understand the actual - in situ - usage and related 
fulfilment of intended purpose. Also, effectiveness of the normative guidelines provided in 
this work should be tested to ascertain the extent to which they can be re-used to develop 
other reference models, independent of industry or application.  
 
In addition to all the above, multi-disciplinary application is an important frontier to be 
explored using this work as a boundary object as discussed in the previous sections. Some 
possibilities encountered in the scope of the ARC Linkage project “Airports of the future” 
(LP0990135) include: process-centric consideration of spaces in the field of architecture; the 
study of control flow in Business Continuity Planning with respect to response strategies and 
how organisational processes impact or are impacted by incidents and threats; and the 
human-centric design of processes as well as their impact on design within Human Systems. 
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As the model provides an end-to-end view of the interdependent stakeholders interacting 
with the passenger, it can be used as a foundation for quantitative decision making models 
such as statistical models (Wu et al., 2014) or agent-based simulation (Kleinschmidt et al., 
2011; Ma, Kleinschmidt, Fookes & Yarlagadda, 2011). In addition, it can be used to better 
study the experience of passengers (Harrison et al., 2012) and the impact on their 
behavioural choices and economic decisions. There are numerous other practical and 
academic possibilities, and future researchers that seek to connect the BPM outcomes of this 
work with other disciplines may derive exceptional overall benefits.  
 
Lastly, the design and planning of the airport infrastructure occurs across a broad range of 
interdependent dimensions described by Rinaldi et al. (2001), as shown in Figure 10, and this 
research considers a subset from among them, as stated in section 3.2.2. This reference 
model can therefore be used as a foundation to study and implement changes to design that 
fall under any of the other infrastructure dimensions (e.g. organisational or technical), as the 
process is the core conceptual backbone of the business. 
 
 
7.5. Research summary 
This study began with an understanding of the dynamic airport business, in terms of the 
numerous players that interact therein and the many factors that influence it, with 
passenger facilitation as the focus due to being a core airport function. It was found that a 
global configurable reference model to assist in the design of this process did not exist, to 
the best of the Author's knowledge, and a possible reason was that a precedent of how to 
produce it was not to be found. To address this, the study proceeded to utilise the existing 
body of knowledge around configurable reference modelling to establish such a means, 
using international travel at five different Australian airports as the starting point to develop 
it. The research performed to do this was based in Design Science Methodology and focused 
on design and development of the artefact that would inform design decisions for users from 
operational airport management. This artefact took the shape of a highly detailed and 
comprehensive set of BPMN process model visualisations equipped with the ability to 
acquire contextual needs from the user via a simple questionnaire and present them with a 
specialised relevant subset of the model as a result. It has been called a configurable airport 
reference model as it is firstly configurable (providing the ability to specialise the model), 
and secondly an airport reference (being based in extensive empirical data from the airports).  
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A number of components needed to be developed for the proof-of-concept, and each was 
an outcome of a set of systematic research tasks that guided the work encapsulated by the 
research questions. Answering these questions in turn fulfilled the overarching research 
objective, which was also used to evaluate the artefact in the previous chapter, to ensure 
that the artefact was of good quality, suited to its function, and capable of providing the 
required value to its users. 
 
A number of contributions have been provided through this research, both for academia and 
for practice. Academic contributions are both methodological and domain. Methodological 
contributions include the introduction of concepts and material for BPM researchers to 
investigate, test and improve: space-sensitive process modelling; classification, derivation 
and use of contextual factors in configurable reference modelling; and normative guidelines 
for configurable process reference modelling. Domain contributions include provision of: an 
extensive repository of BPMN diagrams that present complex airport processes for analysis 
and investigation by BPM researchers; a window between the two communities of BPM 
researchers and aviation researchers; and a boundary object for research as an activity-
centric language for opening discussions and collaborating across multiple disciplines.  
 
The contributions to practice are primarily around: support of process design and airport 
infrastructure; making visible and balancing the interests of the many different types of 
stakeholders; and providing the proof-of-concept of a global knowledge base that can be 
used to establish standards for benchmarking or compliance.  
 
Each research contribution listed in this chapter opens the floodgates to fascinating new 
research challenges, in addition to the most direct one that invitingly presents itself to 
domain research: extending the artefact to other airports to become a globally ready 
configurable airport reference model. 
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Appendices 
Conditional access to the content of the following appendices referred to in this thesis may 
be arranged by contacting the Author (due to project requirements they are under embargo): 
 
A1  Brisbane Airport process models 
A2  Brief notation guide 
A3  Detailed notation toolkit prepared by Masters students 
A4  Merged process models 
A5  Mapping file 
A6  Testimonials 
A7  Questionnaire software files 
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